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Foreword
/

Not more than 10 years ago, I was among the
ranks of biomedical researchers seeking to under-
stand how alcohol damages body systems. Un-
derstanding how something happens is, of
course, the first step that must be taken before
methods to prevent and treat the damage can be
developed. As so evident in the Seventh Special
Report to the U.S. Congress on Alcohol and Health,
many of the first steps taken in alcoholism re-
search over the years have resulted in important
discoveries that have added significantly to our
understanding of alcohol abuse and alcoholism
and that will one day permit us to effectively
prevent and treat one of our most pervasive
public health problems.

The Seventh Special Report to the U.S. Congress
on AZcohoI  and Health describes recentprogressin_~_~-
our knowledge_ on alcohol abuse andalcoholism_.

. Focused principally on research advances that
have been made since the Sixth Special Report was
issued in 1987, the report covers all active areas of
research on alcohol-related problems including
epidemiology, genetics, neurosciences, medical
consequences of alcohol abuse and alcoholism,
alcohol use and pregnancy, adverse social conse-
quences of alcohol abuse and dependence, diag-
nostic criteria and screening instruments,
prevention, intervention, and treatment. The
report also provides a conceptual framework for
alcohol-related research that, among other things,

sets forth working definitions of alcohol abuse
and alcoholism.

The Seventh Special Report clearly shows that )
steady progress continues to be made in all areas 1 ~~
of alcohol-related research. Alcohol researchers
in the basic sciences, such as the neurosciences,
genetics, and molecular biology, have been able
to use the very latest imaging technologies to
make promising headway toward uncovering the
biological antecedents for alcoholism. Because of
our increasing ability to investigate the psychoso-
cial or environmental factors involved in the
development of alcohol-related problems, we are
optimistic that the mix of environmental and
genetic factors implicated in an individual’s vul- ”
nerability to alcoholism can be identified. Doing
so would provide health care professionals and
others with a powerful tool for preventing al-
cohol abuse and alcoholism. Epidemiological
research methodologies continue to be refined to ~
permit more accurate pictures of how alcohol
abuse and alcoholism impact on specific subsets _-
of the general U.S. population. Progress also con-
tinues to be made in treating alcohol-related __~ .__ ._-- ---.
medical conditions. This~is  an area of continuing
importance because it has been estimated that
20 to 40 percent of all U.S. hospital beds are oc-
cupied by persons whose health conditions are
complications of alcohol abuse and alcoholism.
Additionally, much progress has been made in
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VIII Foreword

developing and refining diagnostic and screening
instruments to help clinicians identify and refer
to treatment those of their patients with alcohol-
related problems.

Since 1971, the Special Reports to Congress on
Alcohol and Health have served as benchmarks
of our progress toward eradicating the terrible
impact of alcohol abuse and alcoholism on our
Nation. Like its predecessors, the Seventh  Special

Report demonstrates that we have made many
first steps and offers the promise of important
steps yet to come.

Louis W. Sullivan, M.D.
Secre  tar-y
Health and Human Services
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Reface

The United States Public Health Service,
founded January 4,1889, has just commemorated
its 100th anniversary. Then, as now, preventing
public health problems was a major focus ,of the
Service, a focus that has been achieved for many
diseases and disorders through continuing re-
search on effective preventive techniques and
public education to reduce risk for disease. The
Special Reports to the U.S. Congress on Alcohol
and Health describe current alcohol-related re-
search findings that let us know that we are
making progress and that help us to develop a
vision for the future. However, these reports also
serve another vital function-one that is very
much within the traditions of the Public Health
Service, that of providing current information on
the health consequences of using alcoholic
beverages. As such, the Special Reports on Al-
cohol and Health are an extremely effective
vehicle to help educate the public about alcohol-
related risks and to help individuals make in-
formed lifestyle decisions to reduce or eliminate
their risk for alcohol-related consequences.

There is no doubt that alcohol abuse and al-
coholism are serious problems for the United
States. An estimated 10.5 million U.S. adults ex-
hibit some symptoms of alcoholism or alcohol
dependence and an additional 7.2 million abuse

? alcohol, but do not yet show symptoms of depen-
dence. Projections for 1995 suggest that 11.2 mil-
lion will exhibit symptoms of alcohol dependence

and the size of the group of alcohol abusers will
not change. Alcohol use is associated with a wide
variety of diseases and disorders, including liver
disease, cancer, and cardiovascular problems.
Although it is encouraging that deaths from liver
cirrhosis, the principal cause of which is alcohol
abuse, have been declining, cirrhosis of the liver
caused almost 27,000 deaths and was the ninth
leading cause of death in the United States in
1986.

Problems related to fetal exposure to alcohol
also constitute a major public health problem;
fetal exposure to alcohol is one of the leading
known causes of mental retardation in the
Western world and can be totally prevented.
Accidental death, suicide, and homicide are sig-
nificant causes of death, particularly for young
men under age 34; nearly half of these violent
deaths are alcohol related. More than 20,000
alcohol-related motor vehicle fatalities annually
are attributed to alcohol abuse and these deaths
are relatively more frequent among younger
Americans. The costs of alcohol abuse to the Na-
tion also are high. In 1986, alcohol abuse in the
United States was estimated to cost $128.3 billion.
Lost employment and reduced productivity
accounted for more than half this amount. Health
care for accidents and illnesses related to alcohol
abuse, including alcoholism, liver cirrhosis, can-
cer, and diseases of the pancreas, was estimated
to cost $16.5 billion.



X Preface

Alcohol researchers are making significant
and, in many cases, rapid progress toward
developing methods to reduce the significant im-
pact of alcohol abuse and alcoholism on our Na-
tion. However, individual lifestyle choices will
always have a major role to play in preventing
disease and promoting health. For this reason, it
is important for every citizen to read the informa-
tion contained in the Saver& Special Report to the
U.S. Congress on Alcohol and Health.

Today, we as a people are much more knowl-
edgeable about our health needs than previous

generations. It is my hope that Americans from
all walks of life will find hope in the research
progress found in the Seuen  th Special Report to the
U.S. Congress on Alcohol and Health and informa-
tion to help them achieve a healthier life.

James 0. Mason, M.D., Dr.P.H.
Assistant Secretary for Health and
Acting Surgeon General
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Introduction

In 1892 Franklin D. Clum, M.D., a physician
who practiced in New York State, wrote the fol-
lowing words in his book entitled, Inebriety: Its
Causes, Ifs Resulfs, Ifs Remedy:

Intemperance in the past has disgraced
the palace and crown of the prince, the
ermine of the judge, the sword of the
chieftain, and the miter of the priest. To-
day it feasts alike upon the innocency
of childhood, the beauty of youth, the
amiableness of women, the talents of
the great, and the experience of age....
The time has come for a study of in-
ebriety from a medical stand-point, and
when it is treated as a special disease its
curability will be found equal to any
other disease.

I do not believe that the book in which this
statement appears is any longer in print; the copy
from which this quotation was taken is from its
third printing, and the book itself is now in a
somewhat disheveled state. Yet the simple and
eloquent conclusion reached by Dr. Clum, that al-
coholism is a disease as worthy of serious study
as any other disease, is as true today as it was 100
years ago. Nonetheless, today, as in the past, is-
sues relating to what alcohol abuse and al-
coholism are continue to cloud otherwise

impressive gains made by the alcohol field
toward finding effective ways to understand,
prevent, and treat these continuing public health
threats.

For many years, we in the alcohol field-
researchers, clinicians, policymakers, recovering
alcoholics, and other supporters alike-have
fought hard to have alcohol-related problems
recognized as major public health problems. To
some extent, I believe we have been successful.
Yet we find that there continues to be public un-
certainty about whether alcoholism really is a dis-
ease, and if so, how it is distinguished from other
forms of alcohol abuse. Although there may be
many reasons for this, it is clear that part of the
public’s uncertainty stems from the differences
that exist among experts on alcohol dependence
over what to call these entities with which we
deal, and attempts by nonexperts to fill the void
with opinions that run counter to scientific fact as
well as to the type of common sense demon-
strated so ably by Dr. Clum.

The Sevenfh Special Report to the U.S. Congress
on Alcohol and Health gives an accounting of how
far we have progressed in our quest to unravel
the mysteries of alcohol abuse and alcoholism
since the publication of the last Special Report
3 years ago. It serves as a statement,~based.onc&.
rencresearch  kndings,.of  w&&e know about
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the effects of alcohol abuse and alcoholism and
their consequences on the individual, on groups,
and on society. It also serves as a compendium of
research hypotheses that are under investigation
aswe continue to broaden our understanding of
the causes and potential solutions to abusive and
dependent drinking. In these two respects, the
Seventh Special Report  is much like its predeces-
sors. Unlike its forerunners, however, the Seventh
Special Report provides, for the first time, a concep
tual framework to clarify what is meant by the
terms alcohol abuse and alcoholism.

This framework, as described in Chapter I of
the Seventh Special Report, identifies three different
types of drinkers. The first group is comprised of
the majority of adult Americans who drink with
few, if any, problems. The second group is made
up of problem drinkers who are not dependent
on alcohol but who develop difficulties secon-
dary to alcohol consumption because of poor
judgment, failure to understand the risks, or lack
of concern about damage to themselves or others.
This misuse of alcohol, in our conceptual frame-
work, is termed alcohol abuse or nondependent
problem drinking. Alcohol abusers are respon-
sible for their behavior; they can often modify
their alcohol consumption patterns in response
to simple explanations and warnings and thus
eliminate or reduce their risk for alcohol-related
problems.

The third category of drinkers are individuals
who are dependent on alcohol and who suffer
from the disease called alcoholism or alcohol
dependence. In the Chapter I conceptual
framework, alcoholism or alcohol dependence is
characterized as a disease with four main clinical
features: (1) tolerance, or a state of adaptation in
which more and more alcohol is needed to
produce desired effects; (2) physical dependence,
which means that upon interruption of drinking,
a characteristic withdrawal syndrome appears
that is relieved by more alcohol (e.g., morning
drinking) or other drugs in the sedative group;
(3) impaired control over regulating alcohol
intake at any drinking occasion once drinking
has begun; and, finally, (4) the discomfort of
abstinence, or “craving,“ which can lead to
relapse. In general, alcohol dependence can be
viewed as a disorder of appetite; a pathological,
or diseased, or abnormal appetite for a substance,
alcohol, that is not present in individuals who
are not alcohol dependent. Research findings
described in the Sevenfh Special Reporf  demon-
strate that we are beginning to understand some
of the scientific basis for alcohol dependence

through biomedical research and research on
environmental stressors that may be factors in an
individual’s susceptibility to and development of
alcohol dependence. In the future, we will under-
stand more and more about the nature of addic-
tion, the portion of the vulnerability to addiction
that is inherited, and the relationship between
genetic and environmental factors leading to
alcohol dependence in any one individual.

The issue of how to define alcohol abuse and
alcoholism or alcohol dependence is a long-standing
one and the conceptual framework for under-
standing the terms alcohol abuse and alcoholism
discussed in the Seventh Special Report is by no
means intended to be the last word. However,
lack of concordance on definitions is not limited
to the alcohol field. Although there is agreement
on the major clinical features of major illnesses
such as schizophrenia and rheumatoid arthritis,
there is not yet complete agreement on the defini-
tion of these diseases. Yet, despite the lack of full
agreement among specialists as to what these dis-
eases are, progress continues to be made toward
developing effective means to prevent and treat
them. Similarly, the fact that there is not yet agree-
ment in the alcohol field as to the precise defini-
tions for alcohol abuse and alcohol dependence is
not the important issue. Of greatest importance to
our future as a field is the-fact that there is agree-
ment on the major clinical features for alcohol de-
pendence, and it is this agreement that will make
it possible for the alcohol field to progress despite
the lack of commonly agreed upon definitions.

That our progress in alcoholism research con-
tinues to be steady and productive, I believe, can-
not be seriously challenged; a comparison of
research findings presented in the First Special
Report to the U.S. Congress on Alcohol and Health
with those in the Sevenfh Special Report will readily
reveal this fact. Yet research does not happen in a
vacuum; at the end of every test tube, mass
spectrometer, nuclear magnetic imaging scanner,
or sophisticated diagnostic instrument is one
simple thing: the search for a way to eliminate the
consequences of alcohol abuse and alcoholism.
Conversely, only through a concerted research ef-
fort will currently available activities aimed at
preventing and treating alcohol abuse and al-
cohol dependence be improved. This is the guid-
ing principle in other major health areas, such as
cancer, heart disease, and muscular dystrophy,
and must become the guiding principle in the al-
cohol field as well.

Alcohol-related research can provide the
answers, in time, as to what alcohol abuse and
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alcohol dependence are and how to successfully
prevent and treat them. However, I believe that it
is only through our collective struggle as a field
to reach this goal that we will ultimately succeed.

Enoch Gordis, M.D.
Director
National Institute on Alcohol Abuse
and Alcoholism
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Alcohol and Healti-
AnOverview

Section 506(a) of the Public Health Service Act
requires that the Secretary of Health and Human
Services submit to the U.S. Congress a report that
contains current information on the health conse-
quences of using alcoholic beverages and a
description of current research findings on al-
cohol abuse and alcoholism. The Seventh  Special
Report to the U.S. Congress on Alcohol and Health,
prepared in accordance with that requirement,
focuses on research advances since publication of
the Sixth Special Report in January 1987. Major
highlights of the report are presented in the fol-
lowing sections.

CHAPTER /: Alcohol Abuse and
Alcoholism

Alcohol abuse and dependence (i.e., alcohol-
ism) are serious problems that affect about
10 percent of adult Americans. Adverse social
and medical consequences of abusive drinking
arise from single bouts of drinking, as well as
from longer term effects of alcohol consumption.
Adverse consequences may affect not only the
drinker, but also others with whom the drinker
comes in contact. A minimum of 3 out of 100
deaths in the United States can be attributed to
alcohol-related causes.

Two distinct forms of problematic drinking-
alcohol abuse and alcohol dependence-have
been identified. Alcohol abuse involves patterns

i of heavy alcohol intake in nondependent persons

1
in which health consequences and/or impair-
ment in social functioning are associated. Alcohol

, dependence is differentiated from alcohol abuse
on the basis of such manifestations as craving,
tolerance, and physical dependence that result in

, changes in the importance of drinking in one’s
life and in impairment of the ability to exercise

i restraint over drinking.
both alcohol abuse and dependence arise as a

result of different, complex, and as yet incom-
, pletely understood processes. Evidence for

genetic transmission of vulnerability for al-
coholism has been provided by twin and adop-
tion studies. The mechanisms of genetic
transmission are unknown, however, as are the
specific environmental factors that interact with
genetic predisposition in the development of al-
coholism. Research has shown that psychological
and social factors and factors in the home en-
vironment influence an individual’s drinking be-
havior. Genetic predisposition does not imply
predestination, however, and research aimed at
the identification of factors associated with resis-
tance is of interest.

Alcohol research has provided the foundation
of knowledge on which an understanding of key
issues regarding the causes, prevention, and treat-
ment of alcohol abuse and alcoholism is built.
Still, much is to be learned and many questions
are yet to be answered. A particularly rich source

I



xxii Overview

of new knowledge and potentially important
advances in understanding is future research on
alcohol abuse and alcohol dependence that draws
from both biological and behavioral sciences. In
science, boundary areas between disciplines rep
resent unique opportunities for cooperation and
exciting prospects for advancement.

CHAPTER /I: Epidemiology

In 1987, after 6 successive years of gradual but
consistent decline, per capita consumption of al-
cohol in the United States was at its lowest level
since 1970. Nevertheless, alcohol is used by more
Americans than any other drug, including
cigarette tobacco. In terms of consumption pat-
terns, population surveys indicate increases in
abstention, especially among men, and decreases
in alcohol consumption among adolescents. Yet,
there is evidence of an increase in the proportion
of heavy drinkers among both men and women
in their twenties and of a small increase in the
prevalence of dependence symptoms-findings
which underline the importance of continued
surveillance.

Alcohol epidemiologic research includes
studies of population subsets. Gender-specific dif-
ferences in drinking patterns and problems have
been found, and research examining factors as-
sociated with women’s drinking has been con-
ducted, including research on the relationship
between alcohol-related problems and various
roles assumed by women. Differences in alcohol
use patterns and vulnerability to alcohol-related
problems among major racial and ethnic groups
in the United States have also been found. Al-
cohol abuse and dependence are serious
problems for the homeless, among whom
prevalence estimates for current alcohol-related
difficulties range from 20 to 45 percent.

Age-related differences in drinking patterns
and problems have also been identified. both
heavy drinking and drinking-related problems
are associated with being male, young, and/or
unmarried; however, there is a high degree of
remission of problems with increasing age which
parallel age-related decreases in heavy drinking.
The gradual downward trend in alcohol use by
high school seniors during the 1980s continued
through 1988. Yet, alcohol use was still disturb-
ingly high: 92 percent of seniors in 1988 had tried
alcohol, nearly two-thirds were current drinkers,
and more than one-third were occasional heavy
drinkers.

The prevalence of alcohol-related problems
among hospitalized persons has been estimated
to be 25 percent. Comorbidity of alcohol-related
diagnoses with other disorders has been found to
include disorders of the liver, pancreas, digestive
tract, respiratory system, nervous system, and car-
diovascular system, as well as drug abuse, mental
illness, injuries and accidents, infections, anemias,
and malnutrition.

CHAFWR  /I/; Genetics and
Environment

The observation that alcoholism tends to run
in families has been confirmed by numerous
reports in the scientific literature. Traits that are
familial may be passed from generation to genera-
tion by genetic factors or by environmental fac-
tors. In alcoholism, the interaction of genetic and
environmental factors is emerging as a fundamen-
tally important research issue.

Although the mechanisms of genetic transmis-
sion are not yet known, evidence for genetic trans-
mission of vulnerability for alcoholism has been
provided by twin and adoption studies. Genetic
involvement is also suggested by studies of
animal lines selectively bred to differ in a number
of alcohol-relevant traits, and by studies of poten-
tial biological markers of susceptibility.

Such psychological and social factors as cul-
tural and group norms, peer influences, expect-
ancies about alcohol’s effects, and subjective
experiences of alcohol’s pharmacologic effects
have been found to influence drinking behavior.
Problems in the childhood home and childhood
behavioral difficulties have been observed as an-
tecedents of alcohol dependence, but a causal role
has not been established. There is considerable re-
search interest in expectancies, including the ef-
fect on drinking behavior of expectations about
alcohol’s specific actions and about alcohol’s ef-
fects on coping and social functioning.

Some forms of alcohol dependence are highly
heritable, while others are less so; there are also
instances of alcoholism without obvious genetic
involvement. Thus, many persons having family
histories indicative of risk do not develop alcohol
dependence since it is the interaction of genetic
and environmental factors that define vul-
nerability. That is, even if facilitative genes are in-
herited, they may not be expressed in the absence
of provocative environmental factors.

The systematic study of gene-environment
interactions in the etiology of alcoholism has



Overview “’XXIII

barely begun. It is encouraging, however, that
researchers in the field are beginning to draw on
knowledge from both the biological and
psychosocial literature on alcohol-related be-
haviors to formulate gene-environment
hypotheses that can be tested. In the future, there
will be great opportunities for cooperation
among scientists representing biological,
psychological, and social perspectives and excit-
ing prospects for advances in our understanding
of the causes of alcoholism.

CHAPTER IV: Neuroscience

Neuroscience research on alcohol abuse and
dependence is progressing rapidly with investiga-
tions attempting to uncover the molecular, cel-
lular, and behavioral bases for alcohol’s actions
on the brain. In particular, there is sufficient
evidence that doses of alcohol which typify com-
mon consumption affect specific proteins along
brain cell membranes; in contrast, previous re-
search suggested that alcohol affects the brain
primarily by altering the membrane lipid bilayer.

The proteins that have been of interest to al-
cohol researchers are involved in the function of a
number of neurotransmitters such as GABA,
glycine, and glutamate. Research on one
glutamate receptor has been especially encourag-
ing because a number of activities regulated or
controlled at this receptor, including memory,
seizure threshold, and cell growth during fetal
development, are known to be altered by alcohol
consumption. Other proteins that have been of in-
terest to alcohol researchers are those that control
the opening and closing of ion channels; recent
studies have demonstrated how chloride and cal-
cium channels in particular are affected by al-
cohol use.

In addition, studies have demonstrated that
both acute and chronic administration of alcohol
alters the activities of “second messenger sys-
tems.” Second messenger activities are fundamen-
tal to cellular well-being. The effects of alcohol on
one second messenger system, the adenylate
cyclase complex, have received much attention
because it has been found that one of this
system’s subunits, the G protein subunit, is espe-
cially vulnerable to alcohol.

Chronic alcohol use can lead to the states of
tolerance and dependence. Alcohol researchers
have found that certain neurohoxmones such as
vasopressin may play a critical role in maintain-
ing tolerance and that other neurotransmitters,
receptors, and ions such as calcium may play a

role in mediating tolerance to alcohol. Chronic
exposure to alcohol also alters properties of
membrane lipid bilayers in the brain as well as in
other tissues that may significantly change a host
of lipid and protein-regulated functions.

Studies investigating the effects of alcohol on
the human brain have been made possible by
new, noninvasive techniques for recording brain
wave activity. Studies have shown that sons of al-
coholics display some unique electrophysiologi-
cal behaviors. These studies are intriguing
because they suggest that alterations in the
brain’s electrical activity serve as biological
markers for predisposition to alcoholism.

CHAPTER V: Medical Consequences

Alcohol affects almost every organ system in 1
the body either directly or indirectly. The liver
(the primary site of alcohol metabolism) is suscep-
tible to injury of three major types: fatty liver and
alcoholic hepatitis, which may be reversible with
abstinence, and cirrhosis, which is irreversible.
The encouraging news is that mortality from cir-
rhosis has been declining steadily since 1973 for
reasons that are not yet clear. Nevertheless, cir-
rhosis mortality was the ninth leading cause of
death in the United States in 1986.

Liver transplantation is a therapeutic modality
that has been used successfully for advanced or
end stage alcoholic liver disease. In a major ongoing
study of liver transplantation, the l-year survival
rate of 73 percent and the 2-year survival of
64 percent in patients with alcoholic liver disease
did not differ from survival rates for nonalcoholic
controls. Further, recidivism to alcoholism has
been quite low.

In the gastrointestinal tract, regular alcohol use
can precipitate esophagitis and exacerbate exist-
ing peptic ulcers. The relative risk of esophageal
cancer is higher among alcohol abusers, as is the
incidence of chronic gastric carcinoma. Heavy al-
cohol consumption is also a principal cause of
chronic pancreatitis.

Alcohol accounts for more than 10 percent of
the total caloric intake of some adult drinkers in
the United States, and nutritional deficiencies, in-
cluding anemia, neuropathy, and Wernicke’s dis-
ease, are a frequent complication of alcohol
dependence. In addition, alcohol has been found
to have profound metabolic effects on car-
bohydrate, lipid, and protein metabolism.
Chronic alcohol abusers can develop clinical
signs of cardiac dysfunction, and up to 50 percent
of excess mortality in alcoholics and heavy
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drinkers can be attributed to cardiovascular
disorders. Furthermore, chronic alcohol consump-
tion is associated with a significant increase in
hypertension.

Alcohol affects immune, endocrine, and
reproductive functions. Heavy alcohol consump-
tion is also a well-documented cause of neurologi-
cal problems, including dementia, blackouts,
seizures, hallucinations, and peripheral
neuropathy.

New concepts and recent technological ad-
vances have great potential to accelerate progress
in understanding the biomedical consequences of
alcoholism and in developing improved methods
to treat and prevent the consequences of alcohol
abuse and dependence.

CHAPTER VI: Fetal Alcohol Syndrome

Problems related to fetal exposure to alcohol
constitute a major public health problem: Fetal
exposure to alcohol is one of the leading known
causes of mental retardation in the Western
world. Moreover, treatment costs associated with
such exposure are estimated at nearly one-third
of a billion dollars annually.

The deleterious consequences of maternal
drinking during pregnancy are long lasting. Al-
though a followup  study of fetal alcohol
syndrome cases in Germany showed improve-
ment over time on several parameters, partic-
ularly with regard to physical appearance,
cognitive deficiencies persisted.

Not all women who drink alcohol excessively
during pregnancy deliver babies with fetal al-
cohol syndrome or fetal alcohol effects. Genetic
and maternal variables may account for differ-
ences in outcome and may explain why some in-
fants are spared. Epidemiologic research has
shown that black infants are more susceptible,
but the ubiquity of the disorder throughout the
world indicates that no group is immune.

Animal research has played a major role in ad-
vancing our knowledge of the detrimental conse-
quences that follow prenatal alcohol exposure.
For example, animal studies suggest that peak
blood alcohol concentration levels, rather than
amount consumed per se, represent a critical
factor.

Research suggests that a number of biological
and behavioral factors may be useful in identify-
ing women at greater risk for continued alcohol
abuse during pregnancy. Research has shown
that the best predictors of continued drinking
during pregnancy were length of drinking

history, reported tolerance to alcohol, and history
of alcohol-related illness. The importance of iden-
tifying and targeting high-risk women for inten-
sive prevention efforts is best underscored by the
research findings of significant compromises in
pregnancy outcome in women who continued to
drink throughout pregnancy compared with
women who abstained or stopped drinking at
some point during pregnancy.

When surveyed concerning their health aware-
ness, 84 percent associated the risk for adverse
pregnancy outcomes with heavy drinking, but
among the 55 percent who had heard of fetal al-
cohol syndrome, only one in four correctly iden-
tified it as a set of birth defects. This is indicative
of the need for increased public awareness about
fetal alcohol syndrome.

CHAPTER VII: Adverse Social
Consequences

Adverse social consequences arise as a result
of single episodes of drinking, persistent alcohol
abuse, and alcohol dependence. Alcohol con-
sumption can result in consequences ranging
from problems with one’s family, friends,
employers, and the police to alcohol-related in-
juries, illnesses, and death.

Alcohol has been implicated in the leading
causes of accidental death in the United States-
motor vehicle crashes, falls, and fires and burns.
Of these, motor vehicle crashes are the leading
cause of injury deaths. Although the proportion
of all people killed in crashes in which at least
one participant was legally intoxicated declined
from 46 percent in 1982 to 40 percent in 1987, traf-
fic crashes remain the greatest single cause of
death in the United States for people between the
ages of 5 and 34. It has been estimated that the
risk of a fatal crash, per mile driven, is at least
eight times higher for a drunk driver than for a
sober one, and approximately one-half of all
crash fatalities are alcohol related.

Although less is known about alcohol involve-
ment in other types of accidents, research find-
ings suggest that alcohol increases the risk for
falls, fires, and bums. Research also indicates that
20 to 36 percent of suicide victims have a history
of alcohol abuse or were drinking shortly before
their suicides, and that alcohol tends to be as-
sociated with suicides that are impulsive rather
than premeditated.

The extent of injuries sustained in alcohol-
involved accidents, suicides, and suicide attempts
maybe influenced by the victim’s drinking
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history or recent alcohol consumption. Intoxica-
tion is frequently found among trauma victims: A
survey of emergency room trauma cases, for ex-
ample, found that 20 to 37 percent of all such
cases involved alcohol. Further, intoxication nega-
tively influences the outcome for motorcyclists
who are trauma victims and for pedestrians who
are injured in motor vehicle accidents.

The economic cost of alcohol abuse and de-
pendence is high. For example, untreated al-
coholics and their families have higher general
health care costs than nonalcoholics and their
families, but the pattern of health care costs for al-
coholism has been found to be similar to other
chronic diseases, including hypertension and
diabetes. General health care costs tend to
decrease following alcoholism treatment.

CHAPTER V//k Diagnosis and
Assessment of Alcohol Use Disorders

Diagnostic criteria in the current revised ver-
sion of the American Psychiatric Association’s
Diagnostic and Statistical Manual of Mental Disor-
ders (DSM-III-R) and the World Health
Organization’sInternational  Classification of Dis-
eases (ICD-9) employ definitions that differentiate
a nondependent problem drinking condition
(alcohol abuse) from alcohol dependence (al-
coholism). Alcohol abuse represents a pattern
of heavy drinking accompanied by social,
psychological, and/or medical problems that are
directly related to alcohol use, while alcoholism is
characterized by physical and psychological de-
pendence that results in impaired control over
drinking. Both diagnostic systems offer specific
criteria to guide the diagnostic process and repre-
sent a general evolution toward detailed assess-
ment of alcohol use disorders using multiple
criteria.

Screening is an important preliminary step in
the diagnosis of alcohol use disorders that is
needed to ensure early identification of in-
dividuals who have begun to develop or who are
at risk for developing alcohol use problems.
Screening tests serve to direct persons toward fur-
ther assessment. Assessment provides more
detailed information about the individual’s al-
cohol problems and is used in planning interven-
tion and treatment.

Research has explored the reliability and
validity of self-report procedures, such as ques-
tionnaires that assess psychological and social in-
dicators of alcohol difficulties, and improved
methods, including computerized assessment,

have been examined. Several screening instru-
ments have been found particularly useful in
identifying alcoholics. Laboratory tests are fre-
quently used to corroborate the results of other
assessments, and biochemical tests are valuable
for hospital-based physicians in detecting hid-
den alcohol use disorders. The sensitivity and
specificity of such tests has also been the subject
of research. Because each type of assessment
method has some limitations, methods that com-
bine self-report, clinical examination, and
laboratory tests have been designed.

Although primary care physicians are in a key
position to make early diagnoses of alcohol use
disorders, they may misdiagnose or underdiag-
nose because of stereotypes regarding alcohol
problems or inadequate training in this area.
The coexistence of alcohol use disorders and
psychiatric disorders also can complicate the diag-
nostic process.

CHAPTER IX: Prevention

Prevention activities are directed at drinkers in
general, at problem drinkers, and at those at risk
for the development of problematic drinking.
Prevention strategies attempt to avert the adverse
effects of single bouts of drinking and to mitigate
the effects of long-term abusive drinking.

Research investigating the relationship be-
tween the price of alcoholic beverages and al-
cohol use problems such as motor vehicle crashes
continues to be one of the most promising re-
search areas related to prevention. Evidence sug-
gesting that alcohol tax increases are associated
with decreases in the amount of alcohol con-
sumed, fatal traffic crashes among youthful
drivers, and mortality rates for liver cirrhosis has
been provided.

The increase in the minimum drinking age
from 18 to 22 has also been demonstrated to be an
effective prevention strategy. Research on the ef-
fect of the minimum drinking age found that the
greatest reduction in fatal traffic accidents involv-
ing drinking drivers was among 16- to 20-year-
olds in States that increased their minimum
drinking age to 21.

Although evaluations of programs aimed at
deterrence of drinking and driving in individual
States have varied in their conclusions, a recent
national study found that “per se” laws that
define driving while intoxicated (DWI)  using
blood alcohol concentration thresholds, ad-
ministrative suspension or revocation laws, and
laws that mandate jail or community service for
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DWI first offenders each played a role in the
decline of fatal alcohol-involved crashes.

Data on server training programs, a relatively
new approach to reducing the incidence of drunk
driving, are becoming available. Evaluations of
these programs, though few in number, suggest
that server training may have a positive effect in
increasing server efforts to reduce the rate and
amount of alcohol served and decreasing the
amount consumed by patrons.

Recent research has studied prevention efforts
focused on school-age children that employ a
cognitive-behavioral approach and often involve
interventions intended to improve general coping
skills. Although results have been mixed, there is
some evidence of short-term effects and of reduc-
tions in the amount of drinking among young
people. Other prevention approaches, such as
those emphasizing alcohol education, have been
found to increase young people’s knowledge
about alcohol and its effects, but generally have
not been successful in changing attitudes or
behavior.

CHAPTER X: Early and Minimal
Intervention

Early intervention targets individuals who are
at risk for developing alcohol-related problems or
who are experiencing adverse effects of drinking
but who are not alcohol dependent. The interven-
tion process includes both identifying such
individuals and modifying their drinking
patterns and their drinking-related behaviors
and attitudes.

Elements of early and minimal interventions
include combinations of brief advice and assess-
ment interventions, feedback and admonition ses-
sions, and self-help behavioral training manuals.
because minimal approaches to early interven-
tion emphasize self-management techniques,
there is little cost or professional involvement. Re-
search is not extensive, but some investigations in
the United States, New Zealand, Scotland, and
Sweden suggest that relatively simple approaches
to intervention can affect drinking patterns and
alcohol-related problems.

Controlled drinking is not an appropriate treat-
ment goal for alcoholics, but alcohol abusers (i.e.,
individuals who are not dependent) may benefit
from interventions aimed at moderating their al-
cohol consumption. Behavioral self control train-
ing is the most frequently used approach.
Research concerning its effectiveness is limited
and has thus far produced mixed results.

The arrest of drinking drivers can result in
early identification of alcohol problems and
provides an opportunity for intervention. The
need to consider the characteristics of individual
DWI offenders as a means of improving the effec-
tiveness of interventions for this population has
been emphasized. Findings of recent research sug-
gest that interventions for drivers at risk for DWI
offenses should address their general propensity
to engage in risky behavior, heavy alcohol con-
sumption, and skills at estimating blood alcohol
concentration.

The growth of employee assistance programs
(EAPs), which help workers with alcohol use
problems, has continued. However, systematic re-
search evaluating the effectiveness of such
programs remains limited.

CHAPTER XI: Treatment

Alcohol dependence (alcoholism) is a serious
disease that affects the health and well-being of
millions of Americans. More than 1.43 million
people were treated for alcoholism in fiscal year
1987, the majority in outpatient settings. The com-
ponents of treatment include management of al-
cohol withdrawal, long-term management of
alcohol dependence, and prevention of relapse.

For alcohol-dependent persons, the appro-
priate treatment goal is abstinence. To this end,
a range of treatment options is available, includ-
ing pharmacologic interventions, psychotherapy
and counseling, Alcoholics Anonymous (AA),
and a variety of behavioral training programs.
Research on the effectiveness of various treat-
ment approaches has improved knowledge about
the effectiveness of group therapy, spousal
involvement in alcoholism treatment, marital
therapies, social skills training, and AA. The effec-
tiveness of various pharmacologic agents has
been investigated, including drugs that are used
in the medical management of alcohol with-
drawal syndrome and drugs that foster sobriety
by interfering with the metabolism of alcohol,
thereby producing a noxious reaction when
alcohol is ingested.

Alcohol-dependent persons do not represent a
homogeneous group. Important aspects of
heterogeneity among alcoholics include highly
varied psychiatric comorbidity, differences in per-
sonality, life experiences, family background, and
social status. Two clinical subtypes of alcoholism
based on genetic studies have also been iden-
tified. Knowledge of the differences among
alcohol-dependent persons is important because
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researchhas shown that alcoholism treatment
methods are differentially effective based on
patient characteristics.

This has led to considerable interest in patient
treatment matching. Differences in social
functioning and in psychopathology have been
investigated in terms of specific treatment ap-
proaches, and variations in intensity, structure,
and type of treatment have been explored in rela-
tion to patient characteristics. Although impor-
tant findings about patient treatment matching
for individual studies have been reported, it

remains for large-scale trials to develop findings
that are generalizable.

Conclusion

This report contains much new information on
the health consequences of using alcoholic
beverages and presents current research findings
on alcohol abuse and alcoholism. Significant re-
search advances have taken place since the publi-
cation of the Sixth  Special  Report in January 1987,
yet there are many areas in which research must
continue.
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Alcohol Abuse
and Alcoholism

Introduction
Alcohol research has provided the foundation

of knowledge on which an understanding of key
issues regarding the causes, treatment, and
prevention of alcohol abuse and alcoholism can
be built. because alcohol consumption is clearly
not a risk-freeactivity, the central question of al-
cohol research is why some people continue,
despite compelling evidence of harm, to consume
large quantities of a substance that engenders a
host of adverse physical, psychological, and so-
cial consequences. More specifically, alcohol re-
search is aimed at determining the reasons that
people drink, the reasons they continue to drink
even though alcohol use creates problems for
them, and the reasons that some are unable to
stop drinking even in the face of highly detrimen-
tal outcomes.

Adverse consequences can arise both from
single bouts of drinking as well as from long-
term social and medical effects, and the toll is
high: A minimum of 3 out of 100  deaths in the
United States can be attributed to causes linked
directly to alcohol (Van Natta et al. 1984-85). In
addition to traffic crashes, alcohol-involved in-
juries and deaths, serious medical consequences,
and birth defects, alcohol abuse has been impli-
cated in aggression, crime, marital discord, and
job loss. Alcohol-related consequences can affect

not only drinkers themselves, but also their
spouses, children, friends, and employers, as well
as strangers with whom they may come in con-
tact. Further, serious economic consequences
have been observed: The cost of alcohol abuse
and alcohol dependence was estimated at $116.9
billion in 1983, of which 61 percent was attributed
to lost employment and reduced productivity
and 13 percent to health care costs (Harwood  et
al. 1985).

This chapter provides an overview of issues re-
lated to alcohol research. In particular, historical,
diagnostic, clinical, and etiological matters re-
lated to patterns of problematic drinking, alcohol
abuse, and alcohol dependence (alcoholism) are
discussed.

Drinking Patterns
Drinkers display many different patterns of al-

cohol use. The majority of drinkers are those for
whom drinking produces no serious long-term
health or social consequences and cessation of al-
cohol use poses no problem. These persons are
referred to as social drinkers. Though these in-
dividuals do not experience the effects of chronic
alcohol abuse, they ure nonetheless at risk for ad-
verse consequences arising from single bouts of
drinking such as alcohol-related accidents. Per-
sons who experience a variety of social and
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medical problems as a result of high-risk drink-
ing but who are not dependent on alcohol are
called alcohol abusers or nondependent problem
drinkers. Alcohol use by these individuals often
leads to problems that arise from impaired judg-
ment, diminished concern about the consequen-
ces of behavior, and physical effects of alcohol
consumption. Such adverse events may be the
result of a single bout of drinking, or they may
represent the effects of persistent high-risk al-
cohol use.

Finally, there are alcoholics-r alcohol-
dependent persons. Not only do alcoholics ex-
perience adverse consequences from single bouts
of drinking and social and medical consequences
from chronic high-risk alcohol use, but they also
experience physical and psychological depend-
ence on alcohol that results in impaired ability to
control drinking behavior. This impairment in
control represents the critical distinction between
alcohol abuse and alcohol dependence.

Not all drinkers, however, fit neatly into one
category or another and degrees of severity of
both alcohol abuse and alcohol dependence have
been identified. Periodic high-risk drinking by in-
dividuals generally thought to be social drinkers
can cause serious problems such as alcohol-
involved injuries, yet these individuals may not
satisfy the clinical criteria that define alcohol
abuse. Similarly, persistent and repetitive alcohol
abuse that causes severe social and medical
problems may be difficult to differentiate from al-
cohol dependence. The risk for acute alcohol-
involved problems varies from setting to setting,
so that alcohol use that would create minimal dif-
ficulties in one situation may prove deadly in
another (e.g., drinking at home then going to bed
versus drinking at a tavern then driving home).

In terms of prevalence, a household survey of
persons aged 18 and older found that 34 percent
of respondents were nondrinkers; 56 percent
were nondependent, nonproblem drinkers
(analogous to social drinkers as described in the
preceding paragraphs); 4 percent, nondependent
problem drinkers (i.e., alcohol abusers); and 6 per-
cent, alcohol dependent (Harford and Parker
1985). In the Epidemiological Catchment Area
studies that sampled both household and institu-
tional populations in an investigation of the
prevalence of psychiatric disorders in three cities,
alcohol abuse and alcohol dependence were com-
bined into a single category. In these studies,
lifetime prevalence rates of alcohol abuse and
dependence (the proportion of the population
that had ever experienced the disorder) of

11.5 percent, 13.7 percent, and 15.7 percent,
respectively, were found (Robins et al. 1984).

Examinations of the differences and
similarities between patterns of alcohol use have
revealed no unvarying or inevitable sequence of
behaviors and symptoms leading from one drink-
ing classification to another. Thus, an individual
drinker can display more than one drinking pat-
tern during his or her lifetime, and although
many people may drink alcoholic beverages and
experience few or no adverse effects from their
drinking, some drinkers become alcohol abusers
or alcohol dependent. For certain individuals,
drinking is problematic from the start. For an un-
fortunate few, a single exposure to alcohol can
herald the onset of addiction, but, for most, al-
cohol dependence takes a few years to develop.
Not all of those who abuse alcohol go on to be-
come dependent, and some ferry back and forth
between periods of nonproblem drinking and
periods when alcohol use is problematic. Further,
just as an individual can be an alcohol abuser
without being dependent, individuals can be al-
cohol dependent before they manifest alcohol-
related social and medical problems.

Although there is evidence for progression of
alcohol dependence symptoms that describes the
developmental sequence once a person becomes
dependent (Mandell 1983),  no consistent picture
characterizing this progression has emerged.
Jellinek (1952) proposed that alcoholism is charac-
terized by symptom progression through three
phases; Trite and Wahl(1958) suggested that al-
coholism involves movement from one symptom
cluster to another as opposed to movement from
one symptom to the next; Orford  and Hawker
(1974) suggested that three predictable symptom
clusters occur sequentially but noted that many
other phenomena occur in random fashion as al-
coholism develops. More recently, Piazza and
Wise (1988) also investigated developmental
progression. Although the sequence they
described is consistent with Jellinek’s observation
that impaired control marks the onset of al-
coholism, it otherwise differed substantially from
that proposed by Jellinek.

The development of problematic use of alcohol
involves factors associated with initiation of use,
the transition to abuse or dependence, and over-
coming abuse or dependence (Marlatt et al. 1988).
These factors have provided a useful framework
for alcohol research, including research involving
biological and psychosocial influences on drink-
ing behavior. The research field, however, is only
beginning to apply definitions that clearly and
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consistently differentiate between alcohol abuse
and alcohol dependence. As research in this area
continues, understanding of the development
and progression of alcohol abuse and alcohol de-
pendence will be improved.

Historical Perspective
In 1784 in “An Inquiry into the Effects of Ar-

dent Spirits upon the Human Body and Mind,”
Benjamin Rush, a physician and signer of the Dec-
laration of Independence, described drunkenness
as a disease, listed its acute and chronic manifesta-
tions, and observed hereditary and nongenetic in-
fluences in its occurrence. Historically, the
explanation of alcoholism as a disease stood in
contrast to moral explanations in which character
defects were believed to lead to sinful drinking
behavior that the individual had to conquer by
dint of will (Marlatt et al. 1988). Jellinek (1960)
reported that scientific examination of alcoholism
beginning in the 1930s was based on the under-
standing of alcoholism as a disease, but that
hypotheses about the nature of the disease-i.e.,
psychological, allergic, nutritional, biochemical,
endocrinological, or neurological-varied widely.
Although Jellinek (1960) proposed typologies, he
defined alcoholism broadly as any drinking
having harmful consequences.

Clinical Differentiation of
Alcohol Abuse and
Alcohol Dependence

As evidence mounted suggesting that al-
coholism represents the interaction of environ-
mental factors with specific biological
mechanisms manifested in behavior, it became
clear that two distinct forms of problematic drink-
ing exist-alcohol abuse and alcohol dependence.
The work of Edwards and his colleagues
(Edwards et al. 1977; Edwards and Gross 1976)
has been aimed at identifying the two forms and
distinguishing between them. Drinking problems
occur either as “alcohol-related disabilities” or
“alcohol dependence syndrome”; the former term
describes problems in accomplishing basic living
activities in which alcohol is implicated that may
be transitory or long term; the latter term
describes a severe disability in which dependence
brings about a reduction in the individual’s
ability to control the drinking behavior (Edwards

et al. 1977). A similar delineation was recently
employed by the Institute of Medicine (IOM 1987,
p. 17),  which defined alcohol abuse as “a
heterogeneous set of behaviors characterized by
repetitive patterns of heavy drinking associated
with impairment of psychologic or social
functioning and/or health” and discussed al-
coholism as a separate entity. Difficulties in fram-
ing a definition of alcohol dependence have been
noted (IOM 1987; Caetano 1987), but alcohol de-
pendence is consistently differentiated from al-
cohol abuse on the basis of development of such
manifestations as craving, tolerance, and physical
dependence that bring about changes in the im-
portance of drinking in one’s life and in impair-
ment in the ability to exercise behavioral restraint
(Edwards et al. 1977; APA 1987; IOM 1987; WHO
1978).

Research evidence in support of the dual clini-
cal classification of alcohol abuse and depend-
ence is found in recent studies on the outcome of
alcoholism treatment (Edwards et al. 19881, the
classification of drinkers (Morey et al. 1984),  and
the course of problem drinking in patients with
affective disorders (Hasin  et al. 1989). Two formal
diagnostic systems which reflect contemporary
clinical and research knowledge, the International
Clussi&zfion  of Diseases of the World Health Or-
ganization (WHO 1978) and the Diagnosticand
Statistical Manual of Mental Disorders of the
American Psychiatric Association (APA 1987)
now employ definitions that differentiate a non-
dependent problem drinking condition from al-
cohol dependence.

Implications for
Prevention and
Treatment

Any drinking that produces a problem,
whether social or medical, mild or severe, is im-
portant to prevention and treatment. Included
are problems associated with single bouts of high-
risk alcohol consumption by any drinker, as well
as problems associated with continued consump-
tion by those whose drinking behavior may be
clinically defined as alcohol abuse or depend-
ence. Alcohol abuse and alcohol dependence
result in undesirable outcomes that are tangible
and serve as evidence to the individual and to
others that alcohol use has become problematic.

The differentiation between alcohol abuse and
dependence has important clinical implications.
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For some nondependent alcohol abusers, drink-
ing patterns may be modified simply by exhorta-
tions or by societal sanctions; for others, specific
interventions aimed at modification of drinking
behavior are appropriate (Miller and Hester 1986;
Marlatt 1988). Thus, early identification of prob-
lem drinkers and intervention efforts involving
such strategies as brief counseling, training, and
advice are of considerable interest. Although re-
search is not extensive, some evidence of the effec-
tiveness of minimal interventions with certain
nondependent problem drinkers has been
provided (Chick et al. 1985; Elvy et al. 1988;
Miller et al. 1988).

For alcoholdependent persons, exhortations
and sanctions are insufficient, and the goal of
modified drinking inappropriate. The ap-
propriate treatment goal for these persons is
abstinence (Miller and Hester 1986; Nathan and
Skinstad 1987). To this end, a range of treatment
options is available, including pharmacologic in-
terventions, psychotherapy and counseling, Al-
coholics Anonymous, and a variety of behavioral
training programs. Research on the effectiveness
of various alcoholism treatment approaches has
improved knowledge about the effectiveness of
group therapy (Oei and Jackson 19841,  spousal in-
volvement in alcoholism treatment @‘Farrell et
al. 19851,  marital therapy (McCrady et al. 1986),
social skills training (Eriksen 19861,  and Alco-
holics Anonymous (Emrick 1987).

The effectiveness of various pharmacologic
agents has been investigated, including agents
used in the medical treatment of the alcohol
withdrawal syndrome (Liskow and Goodwin
1987) and agents that foster sobriety by interfer-
ing with the metabolism of alcohol, thereby
producing a noxious reaction when alcohol is in-
gested (Fuller et al. 1986; Sereny et al. 1986). Dis-
tinguishing between alcohol abusers who are
dependent and those whose problem drinking is
not accompanied by dependence is necessary so
that decisions about the most suitable interven-
tion can be made.

Alcohol-dependent persons do not constitute a
homogeneous group. Important aspects of
heterogeneity among alcohol-dependent persons
include highly varied psychiatric comorbidity
(Hesselbrock 1986) and differences in personality,
life experiences, family characteristics, and social
status (Mendelson and Mello  1985). Another im-
portant aspect of heterogeneity involves late ver-
sus early onset (Blanc 1979). The idea that great
variation exists among alcoholic individuals is
not new: Jellinek (1960) described five “species”

of alcoholism having different manifestations.
Two distinct types of alcoholism that have been
identified (Cloninger 1987) will be discussed later
in this chapter.

Knowledge of the differences among alcohol-
dependent persons is important because research
has shown that alcoholism treatment methods are
differentially effective according to patient charac-
teristics. McLellan et al. (1983) found that alcohol-
dependent patients who were matched to specific
treatments were more motivated during treat-
ment and experienced more positive outcomes
regarding employment, legal and family
problems, medical status, and other drug use fol-
lowing treatment than unmatched patients. More
recently, Kadden et al. (in press) found that fol-
lowing inpatient alcoholism treatment, aftercare
involving training in coping skills produced more
favorable drinking-related outcomes in patients
high in sociopathy or psychopathology, whereas
treatment aimed at exploring interpersonal
style was more effective with those lower in
sociopathy. Accordingly, there is considerable in-
terest in research involving patient-treatment
matching.

Prevention activities are directed at drinkers in
general, at problem drinkers, and at those at risk
for the development of problematic drinking.
Prevention strategies attempt to avert the adverse
effects of single bouts of drinking and to mitigate
the effects of long-term abusive drinking (Holder
1988; Hingson et al. 1987). Prevention research in-
vestigates the effectiveness of approaches focused
on individuals, such as educational efforts and
health promotion programs (Moskowitz 1989;
Rootman 1985; Hansen et al. 1988); approaches
focused on the environment affecting drinkers
(Rush et al. 1987; Blose and Holder 1987;
Wagenaar 1986), including enforcement of drunk-
driving laws (Hingson et al. 1988; Klitzner 1989)
and public policies governing price and alcohol
availability (Coate and Grossman 1987;
Grossman et al. 1987); and approaches involving
the interaction of individual and environmental
approaches, such as server intervention programs
(Saltz  1987,1989;  McKnight 1987; Geller et al.
1987).

Etiology
Both alcohol abuse and alcohol dependence

arise as a result of different, complex, and as yet
incompletely understood processes. Research
has produced evidence that both genetic and
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environmental factors contribute to alcoholism,
and the interaction of genetics and environment
is emerging as a fundamentally important issue
in the etiology of alcohol problems. Some forms
of alcohol dependence are highly heritable, while
others are less so; there are also instances of
alcohol dependence without obvious genetic in-
volvement (Cloninger et al. 1981). Notwithstand-
ing the limitations of current knowledge and the
clear need to pursue research on etiology, some
statements about causation can be made.

Even though the mechanisms of genetic trans-
mission are unknown, evidence of genetically
transmitted vulnerability for alcoholism exists.
Much of this evidence has arisen from adoption
studies (Cloninger et al. 1981; Goodwin et al.
1973; Bohman et al. 19811, but additional support
for potential genetic contributions is found in re-
search on markers of inherited susceptibility
(Tabakoff et al. 1988; Porjesz and begleiter  1979,
1985; Schuckit et al. 1987; von Knorring et al.
1987; Moss et al. 1989; Crabbe  et al. 1988) and in
research involving animal models (Crabbe et al.
1985; Lumeng and Li 1986; Gatto et al. 1987a,b).
Recent twin studies suggest that the interaction
between genetic and environmental influences is
implicated in certain drinking behaviors (Heath-
and Martin 1988; Heath et al. 1989).

Such psychosocial factors as cultural and
group norms and peer influences (lessor  and
Jessor  1975; Zucker and No11  1982) and expectan-
cies about alcohol’s effects (Marlatt et al. 1988;
Marlatt 1987; Zinberg 1984; Goldman et al. 1987)
influence drinking behavior. Likewise, subjective
experiences related to the pharmacologic effects
of alcohol (Sher 1985; Levenson et al. 1987; Hunt
1987a,b), most notably its euphoriant and anxiety-
reducing effects, are reinforcing for some
drinkers. The effects of the early home environ-
ment, including family influences, on drinking
behavior and the development of alcohol depend-
ence have been explored, as has the relationship
of childhood adjustment problems to later al-
coholism (McCord  1988; Werner 1986; Drake and
Vaillant 1988; Zucker and Gomberg 1986). Age-
related drinking patterns (Fillmore 1987a,b;
Fillmore and Midanik 1984; Donovan et al. 1983)
and generational secular trends (Reich et al. 1988)
have also been noted.

In describing two subgroups of alcohol de-
pendence, Cloninger (1987) showed one way in
which genetic and environmental influences may
interact to produce alcoholism. One subgroup
(type 2, male-limited) has a high genetic
penetrance from father to son and minor environ-

mental association. Onset typically occurs before
the age of 25 with drinking patterns characterized
by persistent consumption accompanied by ag-
gressive behavior and involvement with the
police. The other subgroup (type 1, milieu-
limited) has a more complex etiologic picture in
terms of the interplay of genetic and environmen-
tal influences. Onset of type 1 alcohol depend-
ence typically occurs after the age of 25 with a
drinking pattern characterized by guilt and
periods when control over drinking% severely
diminished. Personality characteristics related to
three traits-novelty seeking, harm avoidance,
and reward dependence-are thought to differen-
tiate the types and to represent key differences in
the processes by which individuals respond to
the environment (Cloninger 1987).

A perspective on the integration of genetic and
environmental findings about vulnerability to al-
coholism is also found in the work of Tarter et al.
(1985). In this view, temperament trait deviations
underlie characteristics found to be associated
with alcohol dependence in males, and these
deviations are related to neurological deficits in
frontal-midbrain functioning. The temperament
perspective is useful because it suggests environ-
mental factors that modify biological predisposi-
tion; for example, the match between the child’s
inherent temperament and the childhood home
environment may serve to modify the risk for al-
coholism (Tarter et al. 1985).

Genetic factors may also interact with environ-
mental influences in the development of certain
patterns of alcohol consumption and alcohol
abuse, but the etiologic loading of genetic versus
environmental influences may vary from in-
dividual to individual (Cloninger 1987).

It is important to note that genetic predis-
position does not imply predestination or in-
evitability. Many persons having family histories
indicative of risk do not develop alcohol depend-
ence since it is the interaction of genetic and en-
vironmental factors that define vulnerability.
Thus, even if facilitative genes are inherited, they
may not be expressed in the absence of provoca-
tive environmental factors. Although it is es-
timated that one-third of alcoholics have one or
more parents who are also alcoholic (Cotton
19791, less than half of children of alcoholics
develop drinking problems, and only a portion of
these develop alcohol dependence (Zucker 1986).
In an analysis of data from a national survey of
drinking practices, Harford et al. (1987438)  found
that, among males, 15 percent of those with an al-
coholic parent reported one or more symptoms of
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alcohol dependence; among females, 9 percent.
However, the number of dependence symptoms
was greater among adult children of alcoholics of
both genders than among persons with negative
family histories (Harford et al. 1987-88).  Thus, re-
searchers are particularly interested in identify-
ing the factors associated with resistance to the
development of dependence because those at risk
for alcohol dependence can make critical lifestyle
decisions about drinking that are protective, in
much the same fashion that those at risk for
diabetes can make risk-reducing decisions about
diet, exercise, and weight.

Contemporary understanding of alcohol abuse
and alcohol dependence incorporates evidence
from studies representing different research tradi-
tions. Biological factors, including heredity, play
a key role, and the impact of psychological and
social factors on drinking behavior may be dif-
ferentially relevant at different developmental
stages (Zucker 1986; Zucker and Gomberg 1986).
In the formulation of an integrated explanatory
model, consideration must be given to con-
tinuities that occur across the life span, as well as
to breaks in continuity that occur over time
(Zucker 1986),  and a synthesis of knowledge
about biological factors and data concerning
social context and cognitive factors associated
with drinking behavior must occur (Wilson 1987).

Alcohol Dependence
as a Disease

Alcohol dependence, like hypertension,
diabetes, and coronary artery disease, may be
characterized as a biologically based disease in
which a genetic predisposition is activated by en-
vironmental factors. It has been noted that al-
coholism fits within the pattern of most of the
other major chronic diseases that are the conse-
quence of the accumulation of environmental fac-
tors over time in genetically susceptible persons
(Williams 1988). For example, hypertension has
been shown to be strongly genetically linked, yet
to conclude that genetic factors alone are causal
would be erroneous, because such environmental
factors as salt intake and smoking may play im-
portant etiologic roles (Williams 1988).

Alcohol dependence is not an infectious dis-
ease or a disease in which cells multiply wildly.
Rather, in alcohol dependence, biology and be-
havior interact in complex ways. In this context,
alcohol dependence may represent the end result

of an interactive process involving many dif-
ferent social and psychological factors in persons
who are physiologically vulnerable (Tarter et al.
1985).

To be classified as a disease, a disorder has an
identifiable cluster of symptoms that predicts a
course and outcome. In terms of meeting these
criteria, alcohol dependence is not different from
other biologically based diseases. Alcohol-
dependent persons may experience predictable
withdrawal syndromes, severe physical effects
resulting from abstinence, and craving, intense,
overwhelming compulsions to drink. Withdrawal
and craving may contribute to the development
of impaired control over drinking. In addition,
alcohol-dependent persons develop tolerance to
alcohol, that is, a need for increased quantities of
alcohol to achieve a pharmacologic effect
(Tabakoff et al. 1982).

The fact that the line between severe alcohol
abuse and alcohol dependence is sometimes dif-
ficult to draw does not interfere with the recogni-
tion of alcohol dependence as a disease, for
differential diagnosis of borderline cases is
problematic in many other medical conditions
from diabetes to hypertension. Similarly, the oc-
currence of spontaneous remission in some al-
coholic individuals is not inconsistent with this
recognition, for poorly understood remissions
occur in many disease states.

Unlike most nonproblem drinkers, alcohol-
dependent persons may lack internal signaling
mechanisms that allow them to regulate their al-
cohol intake and judge their relative intoxication
(Lipscomb and Nathan 1980). Indeed, because
alcohol is a source of calories as well as a drug,
disturbance in appetite-controlling mechanisms
may be implicated in alcohol dependence.

The existence of impaired control in alcohol-
dependent individuals has at times been chal-
lenged, but research evidence continues to
support its occurrence. Impaired control, dif-
ficulty in restricting alcohol intake, is associated
with craving which may represent a state in
which physical dependence is accompanied by
the development of a conditioned response to en-
vironmental, social, or emotional cues (Ludwig
and Wikler 1974). Alternatively, craving may
result from the expectation that alcohol consump-
tion will produce desirable consequences, espe-
cially in certain social contexts among those
having limited coping skills and little confidence
in their ability to resist (Marlatt  1985; Wilson
1987).
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A number of researchers have studied craving
for alcohol, alcohol-seeking behavior, and
cognitive factors associated with these
phenomena. For example, Ludwig, Wikler, and
Stark (1974) found both craving for alcohol and
behavior aimed at acquiring alcohol to be deter-
mined by the interaction of environmental cues
(e.g., sight and smell of alcohol) and a small in-
itiating alcohol dose. Marlatt et al. (19731,  compar-
ing alcoholics and social drinkers, found that the
amount consumed was determined by the expec-
tation of beverage content rather than actual con-
tent, and that both drinker types drank more
when they thought the mixture they were given
contained alcohol. Another study (Cooney  et al.
1987) found that when alcoholic and nonalcoholic
subjects were exposed to alcohol (but did not
drink it), alcoholics reported more physical
symptoms than nonalcoholics; among alcoholic
subjects, confidence in their ability to resist drink-
ing was significantly diminished following ex-
posure to alcohol. Increasing knowledge about
cognitive factors associated with craving has im-
portant implications for treatment and relapse
prevention interventions (Marlatt 1985; Wilson
1987; Monti et al. 1988).

Summary
Alcohol abuse and dependence are serious

problems that affect about 10 percent of adult
Americans. Adverse social and medical conse-
quences of abusive drinking arise as a result of
single bouts of drinking.as  well as from longer
term effects of alcohol consumption. A minimum
of 3 out of 100 deaths in the United States can be
attributed to alcohol-related causes. Adverse con-
sequences may affect not only the drinker but
also others with whom the drinker comes in con-
tact, and the economic cost is high.

Two distinct forms of problematic drinking, al-
cohol abuse and alcohol dependence, have been
identified. Alcohol abuse involves persistent pat-
terns of heavy alcohol intake in which health con-
sequences and/or impairment in social
functioning are associated. Alcohol dependence
is differentiated from alcohol abuse on the basis
of such manifestations as craving, tolerance, and
physical dependence that result in changes in the
salience of drinking in one’s life and in impair-
ment in the ability to exercise restraint over
drinking.

Any drinking that causes a problem, whether
social or medical, mild or severe, is significant to

prevention and treatment. Prevention activities
are directed at drinkers in general, at problem
drinkers, and at those at risk for the development
of problematic drinking. Prevention strategies at-
tempt to avert the adverse effects of single bouts
of drinking and to mitigate the effects of long-
term abusive drinking.

The differentiation between alcohol abuse and
alcohol dependence has important clinical im-
plications, since different goals and intervention
methods are used. For some nondependent al-
cohol abusers, interventions aimed at modifying
harmful drinking patterns are appropriate. Early
identification of such individuals and interven-
tion methods involving advice, brief counseling,
and training have been employed. For alcohol-
dependent persons, the appropriate treatment
goal is abstinence, and a range of treatment
options, including pharmacologic interventions,
psychotherapy and counseling, Alcoholics
Anonymous, and a variety of behavioral training
programs are used. Both alcohol abuse and de-
pendence arise as a result of different complex
and as yet incompletely understood processes. It
is known, however, that the interaction of genetic
factors with psychological and social factors is im-
plicated in the cause of alcohol dependence,
which, like coronary artery disease, diabetes, and
hypertension, is a biologically based disease in
which genetic predisposition interacts with en-
vironmental factors. Genetic predisposition does
not imply predestination, however, and research
aimed at the identification of factors associated
with resistance is of interest.

Psychological and social factors including cul-
tural and group norms, peer influences, expecta-
tions about alcohol’s effects, subjective experience
related to alcohol’s actual pharmacologic effects,
and factors in the home environment influence an
individual’s drinking behavior. In addition, age-
related drinking patterns and generational
secular trends have been observed.

Alcoholdependent persons represent a
heterogeneous population, in terms of psychiatric
comorbidity, and differences in genetics, per-
sonality, background, family characteristics, and
social status. There is considerable interest in
identifying characteristics that have treatment
relevance since there is evidence that alcoholism
treatment is more effective when the specific treat-
ment regimen is matched to characteristics of the
patient. In addition, two clinical subtypes of al-
coholics have been identified that differ in terms
of the interaction of genetic and environmental in-
fluences and in clinical manifestations.
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Alcohol research has provided the foundation
of knowledge on which an understanding of key
issues regarding the causes, prevention, and
treatment of alcohol abuse and alcoholism is
built. Still, much is to be learned and many ques-
tions are yet to be answered. A particularly rich
source of new knowledge and potentially
dramatic advances in understanding is future re-
search on alcohol abuse and alcohol dependence
that draws from both biological and behavioral
sciences. In science, boundary areas between
disciplines represent unique opportunities
for cooperation and exciting prospects for
advancement.
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Introduction
During the 1980s we have seen a gradual but

consistent downturn in per capita alcohol con-
sumption in the United States after two decades
of steady increases. The change could simply rep
resent a temporary plateau in the long upswing
that characterized consumption during the 1960s
and 1970s. However, parallel declines have been
noted in many other countries, particularly in the
industrialized West, and there have been slight
decreases in some indicators of alcohol abuse
such as mortality from liver cirrhosis and from al-
coholism. Further, population surveys indicate in-
creases in abstention, especially among men, and
decreases in alcohol consumption among adoles-
cents. These changes may lend support to the
view that the drop in alcohol consumption over
the past few years may presage a “drier” era. On
the other hand, there is evidence of an increasing
proportion of heavy drinkers among young
people in their twenties and a small increase in
the prevalence of dependence problems-find-
ings that underline the importance of continued
surveillance.

With a view toward further examination of pat-
terns and trends in alcohol use and abuse, this
chapter describes recent findings related to al-
cohol consumption, alcohol-related morbidity
and mortality, and adverse social consequences

of alcohol use and abuse, both in the general
population and in several population subgroups:
women, adolescents and young adults, older
adults, the homeless, and racial and ethnic
minorities.

Consumption
Per Capita Consumption

The amount of alcohol consumed in the
United States is estimated on the basis of alcohol
sales in each State as determined from tax
receipts, sales in State-controlled stores, and/or
reports from beverage industry sources. These
overall statistics do not include estimates of home
production, illegal production, breakage, or un-
taxed alcohol brought in by tourists. Apparent
per capita consumption is determined by divid-
ing total alcohol, derived from sales, by the total
population aged 14 or older. The term “apparent”
is used because these estimates artificially at-
tribute average consumption to all persons in
this population, regardless of their actual
consumption.

Per capita consumption is expressed in gallons
of pure alcohol calculated by multiplying total
gallons of each beverage type by a conversion fac-
tor (0.045 for beer, 0.129 for wine, and 0.411 for
spirits). In 1987, apparent per capita consumption
of alcohol was 2.54 gallons of pure alcohol, the
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lowest level since 1970 (NIAAA 1989). Neverthe-
less, alcohol is used by more Americans than any
other drug, including cigarette tobacco. In a U.S.
household survey of persons aged 12 and over,
73.4 percent reported drinking alcohol in the past
year; 36.2 percent reported smoking cigarettes
(NIDA 1988). Figure 1, illustrating the pattern of
per capita consumption from 1977 through 1987,
shows the peaking of total alcohol consumption
in 1980 and 1981 with the subsequent continuing
decline.

The major component of the decrease was the
large decline in consumption of spirits, which
dropped to 0.83 gallons of pure alcohol per capita
in 1987-the lowest consumption level for spirits
since 1958. Beer consumption remained at the
1986 level of 1.34 gallons per capita, the lowest
level of beer consumption since 1978 and 4 per-
cent lower than the 1981 peak level of 1.39 gallons
(see fig. 2). For the first time in more than 10
years, wine consumption did not increase.

One suggested reason for the steady decline in
alcohol consumption since 1981 is an increase in
public awareness of the risks associated with al-
cohol use and abuse. Changing demographics
may be another reason, as the proportion of the
population that is over age 60 continues to in-
crease; alcohol consumption in this age group is
relatively low. The increasingly conservative cul-
tural climate that has prevailed during the 198Os,
with associated decreases in the social accept-
ability of heavy drinking, could be another factor.
Tastes appear to have turned away from distilled

B
2.74
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spirits and toward beverages with lower alcohol
content. For example, wine coolers, which did not
exist in 1982, accounted for one-fourth of total
wine consumption in 1986 (NIAAA 1988b).
Decreases in alcohol consumption may also be re-
lated to increasing concern with overall health
and fitness as exemplified by current trends
toward reductions in smoking and increased em-
phasis on nutrition and exercise.

Although estimates of consumption levels for
other countries are somewhat variable (Horgan  et
al. 1986; PGD 1987),  apparent per capita con-
sumption began to level off in most industrial-
ized countries except the United States in the
mid-1970s,  and by the mid-1980s many were
experiencing declines. Of 25 countries surveyed
between 1979 and 1984, nearly two-thirds ex-
perienced declines or stability in consumption
(Horgan et al. 1986) (see fig. 3). Only four of the
nine countries where consumption increased had
rates of increase greater than 1 percent. In con-
trast, consumption in some of the developing
countries has continued to increase (Hilton and
Johnstone 1988).

Geographic Differences

Table 1 lists the total apparent per capita al-
cohol consumption for the 50 States and the Dis-
trict of Columbia in 1977 and 1986 and ranks
them by 1986 decile. These figures should be
interpreted with caution because they do not
necessarily reflect true consumption levels of

* . ;2.50 1 ‘. . .-.: *
I I I I I I I I I I

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

FIGURE 1. Apparent U.S. per capita consumption of pure alcohol, 1977-1987.
SOURCE: NIAAA 1989.
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FIGURE 2. Apparent U.S. par capita consumption of beer,  wine, and spirits, 1977-1987.
SOURCE: NIAAA  1989.

State residents. For example, consumption in the
District of Columbia is affected both by a high
level of tourism and by the fact that residents of
nearby Virginia and Maryland take advantage of
the District’s lower alcohol taxes. A high propor-
tion of Nevada’s 1 million residents are Mormons
and are therefore more likely to be abstainers;
however, as a center for conventions and
tourism, the State is visited by approximately 26
million people per year.

The State decile  rankings remained fairly con-
sistent between 1977 and 1986. Although many
States have experienced substantial increases or
decreases in apparent per capita consumption,
there has been little change in their relative rank-
ings. Changes in per capita consumption in the 50
States and the District of Columbia between 1977
and 1986 are illustrated in figure 4, which shows
the greatest decreases in the District of Columbia,
Hawaii, Montana, Nevada, New Hampshire,
West Virginia, and Wyoming, and the greatest
increase in Virginia.

When the States are grouped by U.S. census
region as shown in table 2, it is apparent that
both per capita consumption and numbers of
abstainers differentiate the regions in terms of
relative “wetness” or “dryness” (Hilton 1988b).
Per capita consumption is highest in the wetter
Pacific and New England States. However, if
consumption is calculated for drinkers only

(excluding abstainers), the highest consumption,
per drinker is found in the drier Mountain and
southern regions. Although there are fewer
drinkers in these drier States, it appears that they
consume more alcohol per capita than drinkers in
the other regions. However, it is possible that
some drinkers in the drier regions may report
themselves to be abstainers because of prevailing
social attitudes toward drinking.

Although there were few important indica-
tions of regional differences in the prevalence of
heavy drinking, men in the drier regions ex-
perienced significantly more alcohol-related
problems, particularly in the areas of belliger-
ence, accidents, problems with police, and
problems with friends or spouse (Hilton 1988b).
Again, this difference could be a consequence of
the less tolerant attitudes prevalent in a relatively
abstinent social milieu.

Puffems of Consumption

Drinking patterns and consumption levels are
estimated on the basis of individual responses to
questions in general population surveys. These
surveys may differ in the wording of questions,
and thus the information elicited concerning
drinking quantity and frequency may not always
be comparable. However, these studies do pro-
vide valuable information on overall drinking



16 Ebdemioloav

Australia
Austria

Belgium
Canada

Czechoslovakia
Denmark

Finland
France

HEfEX
Italy

Japan
Luxembourg
Netherlands

New Zealand

!$X
Portugal

Spain
Sweden

Switzerland
USSR

United Kingdom
United States

West Germany . .I . : ,,m : : :

I I I I I I I I I I I I
-5 -4 -3 -2 -1 0 1 2 3 4 5 6

Average annual rate of change (percent)

FIGURE 3. Average annual rate of change (percent) in per capita alcohol consumption for 25 countries, 1979-1984.
SOURCE: Horgan et al. 1986.

patterns and on changes and trends in these
patterns.

Probably the most important differences
between surveys are in the construction of
typologies of drinking behavior (Room in press).
One system of classifying drinkers is based on the
average daily quantity of alcohol consumed
(Hilton 1988d; Malin et al. 1986; Williams et al.
1986; S. Wilsnack 1987). Another system combines
quantity consumed per occasion with drinking
frequency (Cahalan et al. 1969). A variation of
this system, designated “volmax,” combines
volume of monthly intake with maximum
amount consumed per occasion (Hilton and
Clark 1987). Knupfer (1987a)  combines frequency
of drinking (daily, weekly, or less than weekly)
with the frequency of consuming specific
amounts (from 1 or 2 drinks up to 12 or more>.
This system permits the evaluation of quantity
and frequency both separately and in combina-
tion. A category for the frequency of getting

drunk may also be included (Hilton 1988a;
Knupfer 1984,1987a,b).

Two surveys that included identically worded
questions, and thus provided a basis for valid
comparison, examined drinking patterns and
drinking problems over a 17-year span from 1967
to 1984 (Hilton and Clark 1987). The study found
few significant changes in reported consumption
patterns during this 17-year period, except for a
small increase in the proportion of abstainers
(from 29 percent to 32 percent). Among men, the
increase in abstention rates was statistically
significant.

A comparison of results from 11 different sur-
veys conducted during the 20 years from 1964 to
1984 provided a greater number of data points
but at the cost of diminished comparability
(Hilton 1988d).  This study also showed stability
in overall drinking patterns, consistent with find-
ings of Hilton and Clark (1987). The 1988 study
(Hilton 1988d)  used higher cutpoints to define
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TABLE 1. Apparent per capita alcohol consumption for the 50 States and the District of
Columbia, 1977 and 1986, with decile  rankings for 1986

Per capita consumption
(gallons) Decile

State 1977 1986 (1986)

Alabama 1.96 1.91 9
Alaska 3.31 3.52 1
Arizona 3.10 3.15 2
Arkansas 1.65 1.64 10
California 3.25 3.12 2
Colorado 3.01 2.88 3
Connecticut 2.61 2.80 3
Delaware 2.91 3.13 2
District of Columbia 5.53 5.67 1
Florida 3.13 2.97 2
Georgia 2.47 2.44 6
Hawaii 3.23 2.89 3
Idaho 2.52 2.33 7
Illinois 2.87 2.68 4
Indiana 2.05 2.15 8
Iowa 2.17 2.05 9
Kansas 1 .a8 1 .a9 9
Kentucky 2.03 1.85 10
Louisiana 2.57 2.43 7
Maine 2.64 2.56 5
Maryland 3.05 2.76 4
Massachusetts 2.95 2.97 2
Michigan 2.71 2.57 5
Minnesota 2.65 2.56 5
Mississippi 2.05 2.05 9
Missouri 2.25 2.37 7
Montana 3.12 2.74 4
Nebraska 2.53 2.28 7
Nevada 6.84 5.07 1
New Hampshire 5.32 4.52 1
New Jersey 2.69 2.78 3
New Mexico 2.93 2.70 4
New York 2.74 2.55 6
North Carolina 2.05 2.16 a
North Dakota 2.62 2.40 7
Ohio 2.04 2.18 a
Oklahoma 1.98 1 .a1 10
Oregon 2.74 2.54 6
Pennsylvania 2.29 2.23 a
Rhode Island 2.93 2.87 3
South Carolina 2.49 2.50 6
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TABLE 1. (continued)

Per capita consumption
(gallons) Declle

State 1977 1986 (1986)

South Dakota 2.38 2.24 8
Tennessee 1.91 1.96 9
Texas 2.58 2.63 5
Utah 1.70 1.58 10
Vermont 3.44 3.18 1
Virginia 2.30 2.53 6
Washington 2.89 2.66 4
West Virginia 1.85 1.84 10
Wisconsin 3.31 3.18 2
Wyoming 3.31 2.64 5
SOURCE: NIAAA 1988b.
NOTE: Placement in the first decile indicates that a State ranks among the top 10 Percent in total per capita consumption,
placement in the second decile indicates the top 20 percent, and so on.

FIGURE 4. Trends in alcohol consumption: percent change in apparent per capita consumption of alcohol (gallons), United States,
1977-1986.
SOURCE: NIAAA 1999b.
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TABLE 2. Distribution of apparent per capita alcohol consumption (in gallons of pure alcohol),
percentage of abstainers, and apparent per-drinker consumption in the nine U.S. census
regions, 1964,1979,  and 1984

Region

Apparent per capita
consumption

(gallons)

1964 1979 1984

Abstainers
(percent)

1964 1979 1984

Apparent per-drinker
consumption

( g a l l o n s )

1964 1979 1984

Wetter regions

New England 2.48 3.14 3.08 21 18 28
Mid-Atlantic . 2.41 2.67 2.57 17 25 18
East North Central 2.26 2.67 2.57 25 29 27
West North Central 1.82 2.45 2.32 34 38 20
Pacific 2.55 3.38 3.09 27 16 26

3.14 3.78 4.28
2.92 3.53 3.13
3.04 3.75 3.5.2
2.77 3.95 2.9d
3.47 3.99 4.18

Mean 2.30 2.86 2.73 25 25 24 3.07 3.80 3.60

Drier Regions

South Atlantic 1.89 2.81 2.68 42 50 38 3.27 5.44 4.32
East South Central 1 .Ol 1.95 1.93 65 66 56 2.87 5.48 4.39
West South Central 1.71 2.62 2.58 38 38 42 2.76 4.21 4.45
Mountain 2.08 3.29 2.96 42 38 38 3.58 5.31 4.77

Mean 1.67 2.67 2.54 47 48 44 3.12 5.11 4.48

SOURCE: Hilton 1988b.

heavy drinking than those used in the Hilton and
Clark study, with the result that changes at the
higher end of the drinking spectrum were
revealed. For example, cornpared with Hilton
and Clark (19871, Hilton (1988d) defined heavy
drinking in terms of a higher number of drinks
consumed per month, a greater frequency of con-
suming five or more drinks per occasion, and get-
ting drunk at least once a week (a measure that
was not considered in the 1964 survey). Using
these criteria, Hilton (1988d)  found increases in
heavy drinking among men, particularly those
aged 21 to 34, and also among women in the
same age group. As guides for future research,
these findings highlight the importance, stressed
by Knupfer (1987b),  of using cutpoints that are
high enough both to differentiate the heaviest
drinking levels and to detect patterns and
changes at these levels.

Men are more likely than women to be
drinkers and to be heavier drinkers. The hypoth-
esis has often been advanced that drinking and

heavy drinking have been increasing amofig
women, resulting in a convergence of drinking
patterns between men and women. Fillmore
(1984),  addressing this question in a cohort
analysis, found overall consistency in women’s
drinking patterns for 1964,1967,  and 1979, with
the exception of a shift toward more frequent
heavy drinking in the younger cohorts. Women
in their twenties in 1979, particularly those who
were employed, had a. higher rate of frequent
heavy drinking than did earlier cohorts measured
at the same age. These findings suggest the pos-
sibility that changes may be taking place cur-
rently among younger cohorts. Followup  surveys
are needed to trace the drinking patterns of these
women as they age. Findings of this analysis are
consistent with those of Hilton (1987b,  1988d),
who also found stability in women’s drinking pat-
terns, with the exception of a similar increase in
the proportion of heavy drinkers among younger
women.
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Temple (1987) analyzed surveys of college stu-
dents in 1979,1981,  and 1984 and found that al-
cohol consumption decreased somewhat among
both males and females during this time, but dif-
ferences in drinking levels between males and
females remained the same. Thus there had been
no convergence in patterns of alcohol use be-
tween college-age men and women.

Results of a 1981 survey of women’s drinking
indicated that younger women were most likely
to report frequent heavy drinking and repeated
intoxication (R. Wilsnack et al. 1984). However,
comparison of this survey with results of several
earlier surveys showed that when only drinkers
were compared, the greatest increase in the
proportion of heavier drinkers was in the 35-to-49
age group. Overall, the 1981 survey results
showed that although there is no evidence of any
major increase in women’s drinking, indications
are that some of those who do drink may be
drinking more heavily. The result could be future
increases in alcohol-related problems among
women.

As S. Wilsnack (1987)  pointed out, perceptions
that drinking patterns of men and women are
converging, despite the lack of empirical
evidence, may reflect in part a delayed social reac-
tion to earlier changes in women’s drinking (i.e.,
between World War II and the early 1970s).
Another possible explanation for this perception
of increased drinking by women may be the in-
creased visibility of women’s alcohol problems as
more women seek treatment. Drinking patterns
and problems among women are further dis-
cussed later in this chapter.

Alcohol-Related
Morbidity

Alcohol use is associated with deleterious ef-
fects on virtually every part of the body. Chapter
V provides a detailed description of the major dis-
eases and disorders related to alcohol abuse and
alcohol dependence.

The impact of alcohol abuse and dependence
on the incidence and prevalence of disease is dif-
ficult to assess accurately, partly because of inade-
quate measures of alcohol consumption in many
medical epidemiological studies. A major source
of information on the extent of alcohol-related
morbidity is the National Hospital Discharge Sur-
vey (NHDS),  which provides an annual summary
of data on discharges from short-stay community

hospitals (NCHS  1989a). The NHDS recording
system allows for the listing of up to six diag-
noses in addition to the principal diagnosis for
each patient, thus permitting estimation of the
comorbidity (co-occurrence) of alcohol-related
disorders with other disorders.

In 1985 there were approximately 27.4 million
short-stay hospital discharges (excluding those re-
lated to pregnancy) among persons aged 14 and
older. Approximately 1.1 million of these dis-
charges (4 percent) involved an alcohol-related
diagnosis, either with or without concurrent
disorders. In nearly 600,000 (54 percent) of these
cases, an alcohol-related disorder was the prin-
cipal diagnosis. More than 68 percent of alcohol-
related principal diagnoses were for alcohol
dependence syndrome, 16 percent for chronic
liver disease and cirrhosis, 9 percent for alcoholic
psychoses, and 6 percent for nondependent abuse
of alcohol. Males were three times more likely
than females to have an alcohol-related diagnosis.

Almost half of alcohol-related morbidity in
1985 was secondary to other diagnoses. The dis-
charge data revealed important associations be-
tween alcohol-related diagnoses and diseases and
disorders of the liver, pancreas, digestive tract,
respiratory system, nervous system, and car-
diovascular system, as well as with drug abuse,
mental disorders, injuries, accidental poisoning,
infections, anemias, and malnutrition. Table 3
lists percentages of comorbidity for non-alcohol-
related diagnoses that frequently are associated
with an alcohol-related diagnosis. However,
the degree of comorbidity is likely to be under-
estimated. For example, Towle et al. (1988) found
that NHDS estimates of comorbidity for casual-
ties (coded as accidents and injuries) for a 7-year
period were relatively low, probably because of
underreporting. (See chapter VII.)

The proportion of discharges that involved an
alcohol-related diagnosis reported in the short-
stay hospital survey, however, probably repre-
sents an underestimation of the extent of
alcohol-related problems among hospitalized in-
dividuals. The survey included only hospitals
where the length of patient stay was 1 month or
less, and it did not include hospitals, such as
Veterans Administration hospitals, that often
treat multiproblem patients. Furthermore, data
were obtained from hospital records; thus, under-
diagnosis of alcohol problems would produce
lower rates.

In this regard, a comprehensive hospital-based
study (Moore et al. 1989) screened all newly
admitted adult inpatients for alcoholism and
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TABLE 3. Non-alcohol-related diagnoses frequently associated with an alcohol-related
diagnosis, and percentage of comorbidity, short-stay hospital discharges, 1979-1984
(aggregated data)

Non-alcohol-related diagnosis
Thiamine deficiency
Liver abscess and sequelae of chronic liver disease
Varicose veins (other than lower extremities, hemorrhoids,

phlebitis,  or other venous thrombosis)
Drug dependence
Spinocerebellar disease
Nondependent drug abuse
Hypothermia
Necrosis of the liver
Diseases of the pancreas
Personality disorders
Coagulation defects
Drug psychoses
Deficiency of B-complex components
Poisoning by psychotropic agents
Late effects of tuberculosis
Viral hepatitis
Gastrointestinal hemorrhage
Liver cancer (malignant neoplasm)
Pulmonary tuberculosis
Depressive disorder

_1..___ _ . . ..I.._ >^^^

Percent with an associated
alcohol-related diagnosis

66.2
55.6

49.5
36.4
28.6
25.2
22.8
19.8
19.6
19.6
16.6
15.7
13.3
12.2
11.8
11.8
11.6
11.3
10.5
10.3

compared the rates obtained with physician iden-
tification of alcohol-related problems in the posi-
tively screened patients and in a random sample
of the negatively screened patients. The overall
prevalence of positive screenings was 25 percent,
and the following department-specific prevalence
rates for positive alcoholism screening were
reported: psychiatry, 30 percent; medicine, 25 per-
cent; surgery, 23 percent; neurology, 19 percent;
and obstetrics/gynecology, 12.5 percent.
Physicians involved in the treatment of the
screened patients, however, significantly under-
diagnosed alcohol abuse and alcoholism. Agree-
ment between a positive screening and physician
identification varied according to department.
While there was agreement in two-thirds of the
positive screenings on the psychiatric service,
physicians treating surgical patients diagnosed
an alcohol problem in about one-fourth of the
positive screenings; physicians treating gynecol-
ogy patients diagnosed an alcohol problem in less

than 10 percent of women who screened positive.
In terms of patient characteristics, Moore found
that physicians were more likely to diagnose al-
cohol problems in positively screened individuals
who were male, lower in socioeconomic status,
and who acknowledged alcoholism as a problem.
These findings underscore the need for physician
education in the diagnosis of alcohol-related
problems.

A large, comprehensive survey of psychiatric
disorders in the general population found that
about 13 percent of those surveyed had ex-
perienced alcohol abuse or dependence at some-
time during their lives and nearly half of this
group also had a psychiatric diagnosis (Helzer
and Pryzbeck  1988).  It is possible, however, that
total pathology may be underestimated and
prevalence of some disorders overestimated as a
result of methodological problems. Although the
diagnosis of alcohol dependence was five times
more prevalent among men than among women,
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the association of alcoholism with other diag-
noses was stronger in women; 65 percent of
female alcoholics had a second diagnosis, com-
pared with 44 percent of male alcoholics. Among
alcoholics, 31 percent of females and 19 percent of
males had diagnoses of drug abuse or depend-
ence. Respective female and male prevalence
rates for antisocial personality disorder were 10
and 15 percent; for phobic disorders, 31 and 13
percent; for major depression, 19 and 5 percent;
for panic disorder, 7 and 2 percent; and for
mania, 4 and 1 percent. Male alcoholics were only
slightly more likely to have a diagnosis of major
depression than men in the general population
(5 versus 3 percent), but female alcoholics were
much more likely to have this diagnosis (19 ver-
sus 7 percent). On the other hand, male alcoholics
were almost four times more likely than males in
the general population to have a diagnosis of an-
tisocial personality disorder (15 versus 4 percent).
The difference was even greater for women (10
versus 0.8 percent).

More than 1.4 million persons were treated in
the United States for alcohol abuse and depend-
ence in fiscal year 1987, as reported by the Na-
tional Drug and Alcoholism Treatment Unit
Survey (NDATUS).  Three-fourths of those treated
were male (NIDA/NIAAA 1989). Nearly one-
third were between the ages of 25 and 34, and
one-fourth were between 35 and 44. The great
majority of admissions (72 percent) were white.
Proportions of black and Hispanic admissions
were somewhat higher than their respective
proportions in the general population (15 percent
and 10 percent of admissions, respectively).
Asian-Americans, however, were substantially
underrepresented among admissions (0.3 per-
cent) and American Indians and Alaska Natives
were overrepresented (3 percent).

A study of psychiatric comorbidity in patients
who were in treatment for alcohol and/or drug
problems showed that two-thirds had a current
psychiatric disorder in addition to substance
abuse (Ross et al. 1988). Lifetime prevalence of
psychiatric diagnoses, excluding generalized
anxiety, was found in 78 percent of those with al-
cohol-related disorders. Patients in treatment for
alcoholism had lifetime prevalence rates of 42 per-
cent for antisocial personality disorder, 31 per-
cent for phobias, 30 percent for psychosexual
dysfunction, 23 percent for major depression,
13 percent for dysthymia (a depressive disorder),
9 percent for panic disorder, and 8 percent for
schizophrenia. Overestimation in some categories
may have resulted, however, from the diagnostic

methods used in the study. Further, comorbid
patterns tend to differ in a treatment sample as
opposed to a general population sample.

The Ross et al. (1988) study indicated that
the likelihood of a patient having coexisting
psychiatric disorders increased with increasing
severity of alcohol (or drug) problems. This find-
ing underlines the importance of psychiatric
evaluation in all patients entering treatment
programs for alcohol abuse. The comorbidity of
psychiatric disorders with alcohol-related diag-
noses is further discussed in chapter XI, and the
problem of comorbidity (both psychiatric and
medical) in the homeless is discussed later in this
chapter.

Alcohol-Related Deaths
As discussed in the Sixth Special Report to the

U.S. Congress on Alcohol and Health (USDHHS
19871, the true impact of alcohol abuse on mor-
tality is difficult to assess. Alcohol-related condi-
tions, particularly those that are contributing
causes rather than direct causes of death, are sub-
stantially underreported on death certificates.
Consequently, the 3 percent of deaths in the
United States officially attributed to causes di-
rectly linked to alcohol represents a considerable
underestimation (Van Natta et al. 1984-85).  This
may be due to reporting bias, lack of information
on decedents’ drinking histories, or both. It is also
likely that alcohol involvement in deaths caused
by motor vehicle crashes, drowning, falls, fires,
and suicides is seriously underestimated. Mor-
tality from these causes is further discussed in
chapter VII.

Chronic liver disease and cirrhosis, the main
chronic health hazard associated with alcohol
abuse, was ranked as the ninth leading cause of
death in the United States in 1986, causing more
than 26,000 deaths in that year (NCHS 1989b).
After the repeal of Prohibition in 1933, the
chronic liver disease and cirrhosis mortality rate
generally increased until it peaked at 15.0 deaths
per 100,000 population in 1973 (see fig. 51. Since
1973, this rate has steadily decreased, and in 1986
it had dropped to 9.3 deaths per 100,000 popula-
tion, the lowest rate since 1955. A similar
phenomenon has been noted in Canada, where
cirrhosis deaths declined by 25 percent between
1974 and 1984 (Mann et al. 1988). For a more
detailed discussion of cirrhosis mortality, see
chapter V.
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FIGURE 5. Age-adjusted mortality rates from chronic liver
disease and cirrhosis, United States, 191 O-l 986 (rates per
100,000 population).
SOURCE: NCHS 1989b.

Alcohol Use Problems
Alcohol consumption is not a risk-free activity.

In addition to enhancing one’s vulnerability for
alcohol-involved injuries and for alcohol-related
illnesses and death, drinking can result in
problems with one’s family, friends, employers,
and the police. For some drinkers, alcohol use
and abuse can lead to alcohol dependence, which
is associated with an inability to cut down on
drinking, memory loss, morning drinking, im-
paired control over drinking, and withdrawal
symptoms.

Prevalence of Drinking Problems

In reporting results of a 1984 national survey,
Hilton (1987b)  found that 7 percent of all drinkers
had experienced moderate levels of dependence
symptoms during the preceding year (i.e., they
reported 3 or more of 13 indicators of depend-
ence, such as impairment of control, morning
drinking, and increased tolerance). Ten percent
had experienced moderate levels of drinking-
related consequences (i.e., they reported 4 or
more of 32 consequences related to problems
with spouse, job, police, or health). As would be
expected, many drinkers reported both types of

problem, and thus the categories are not mutu-
ally exclusive.

Problem levels were higher among men than
among women. Among male drinkers, the
proportion reporting at least a moderate level of
problems was highest in the W-to-29 age category
for both dependence symptoms (14 percent) and
drinking-related consequences (20 percent). The
proportions dropped with increasing age, reach-
ing respective lows of 5 percent and 7 percent
among men aged 60 and older. Among female
drinkers, the proportion reporting at least a
moderate level of dependence symptoms
remained stable at 5 to 6 percent from age 18 to
age 49 and then dropped to 1 percent. For drink-
ing-related consequences, however, the propor-
tion reporting at least a moderate level of
problems was relatively high in the B-to-29 age
group (12 percent1 but dropped to 6 percent for
women in their thirties and forties and was negli-
gible for women aged 60 and older.

The demographic distributionof drinking-
related problems appeared to match the distribu-
tion of heavy drinking, defined according to the
frequency of heavy-drinking occasions (consump-
tion of five or more drinks at a time at least once
a week) (Hilton 1987a).  This definition is in line-
with Knupfer’s (1984,1987b)  contention that
average or total alcohol intake is of little impor-
tance as a predictor of alcohol use problems and
that the major predictive factor is the frequency.
of intoxication.

Survey respondents who were male, young,
and single were more likely to report frequent
heavy drinking and alcohol use problems (both
dependence symptoms and drinking-related so-
cial and personal consequences) (Hilton 1987a).
However, an analysis that examined only ,fre-
quent heavy drinkers revealed little difference be-
tween the sexes in dependence symptoms and
drinking-related consequences. Although sig- t
nificantly more single than married heavy
drinkers had alcohol use problems, there were no
significant correlations between problem levels
and age at the high level of consumption. Fre-
quent heavy drinkers with lower incomes and
less education were more likely to report both de-
pendence symptoms and alcohol-related conse-
quences than were those at higher income and
education levels.

Many of the questions in the 1984 survey were
identical to questions asked in a 1967 survey. It
was therefore possible to compare results of the
two surveys to assess the nature and degree of
change over the 17-year interval (Hilton and
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Clark 1987). Hilton and Clark found higher rates Fillmore (1987b)  found distinctly different age-
of dependence symptoms among both men and related patterns for alcohol problems among
women in 1984 than in 1967, but rates of other women. The onset of heavy drinking and drink-
consequences remained stable over the 17-year ing-related problems occurred later for women,
period. Hilton (19884  similarly compared data whose problem rates peaked in the thirties rather
from the 1984 survey with data from a 1979 sur- than the twenties. Men reported higher levels of
vey, examining changes over a shorter time chronicity of problems in their forties and fifties,
period in order to take advantage of a greater but women were more likely to report chronicity
number of comparable survey questions. There in their thirties. The emergence and persistence of
was a small increase in the prevalence of depend- alcohol problems thus occupied a more com-
ence problems among men, but not among pressed timeframe for women. A further impor-
women, and there was no increase in the tant difference was that women were likely to
prevalence of drinking-related consequences in display much higher rates of remission than men
either sex over the 5-year study period. across all decades of the adult life course.

Chronicity of Drinking Problems

In addition to describing the prevalence of
drinking patterns and problems across the life
span, longitudinal studies also may reveal the
ages at which drinking problems are likely to
occur (incidence), to persist (chronic@),  or to dis-
appear (remission). Several such studies have ex-
amined the phenomenon of chronicity versus
remission of alcohol problems in the general
population (Fillmore 1987a,b;  Fillmore and
Midanik 1984; Hennos et al. 1988). Alcohol use
problems among men in the general population
tended to be transient, declining in both in-
cidence and prevalence with increasing age after
relatively high levels among the younger age
groups (Fillmore 1987a).  This decline suggested a
high degree of spontaneous remission as drinkers
moved into older age categories.

Fillmore and Midanik (1984) studied
chronicity of both dependence problems and al-
cohol-related social problems as a function of age.
They interviewed men in their twenties and men
in their forties and, several years later, reinter-
viewed the same men. At the time of the first
interview, the younger men reported more
alcohol-related problems than the older men, but
by the time of the second interview, their prob-
lem rates had decreased. Problem rates for the
men in the older age group, on the other hand,
showed little change over this period. These find-
ings should be useful for estimating the true
extent of chronic alcohol use problems in the
population, at least among men. Estimates based
on the number of persons in treatment, most of
whom range in age from 35 to 60, would be too
low; on the other hand, estimates based on the
overall percentage of drinkers with problems
would be too high because of eventual spon-
taneous remission among younger drinkers.

In a study of predictive factors for reduction or
cessation of drinking, Hermos et al. (1988)  sur-
veyed a group of men between the ages of 21 and
81 and interviewed them again 9 years later. For
those who reduced their alcohol consumption but
did not quit drinking, rates of alcohol-related
problems did not change substantially between
surveys even when there had been a marked
decrease in alcohol consumption. Those who had
quit drinking between the two surveys were
more likely to have reported problems at the first
survey than were other respondents. Conversely,
drinkers who had problems at the first survey
were far more likely to have quit drinking than
were drinkers without problems at the time of the
initial survey. Of all those who reported drinking
problems at the first survey, fewer than half
reported problems at the second. The level of
chronicity was comparable to levels found by
Fillmore (1987a,b; Fillmore and Midanik 1984),
but this study, unlike Fillmore’s, did not take into
account age at the time of measurement. Age-
related change and stability in drinking patterns
are further discussed later in this chapter in the
section on older adults.

Population Subgroups
Women

Fillmore (1984,1987b)  analyzed drinking pat-
terns and problems among women on the basis
of available survey data, although few alcohol
studies before 1980 had focused specifically on
women. Because women drink less than men and
have relatively low rates of heavy drinking and
of alcohol use problems, general population sur-
veys provide little information on women’s drink-
ing problems. In an effort to compensate for this
lack of data, in 1981 Wilsnack et al. conducted a
national survey of women that oversampled
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moderate to heavy drinkers and those with his-
tories of alcohol-related problems (R. Wilsnack et
al. 1984,1986;  S. Wilsnack 1987; S. Wilsnack et al.
1986).

Although the survey found no major changes
in women’s drinking patterns during the preced-
ing decade, it did identify several demographic
subgroups with relatively high rates of drinking
problems. High-risk groups related to employ-
ment included women who were unemployed
and looking for work and those who were
employed part time outside the home. With
respect to marital status, those who were
divorced or separated, or who had never married
or were unmarried but living with a partner,
were at greatest risk. Women in the last category
had the highest rates of heavy drinking, drinking
problems, and alcohol dependence symptoms of
all the employment and marital status groups.
Other high-risk groups were women in their
twenties and early thirties and women with
heavydrinking husbands or partners.

In order to examine the correlations of risk fac-
tors with later drinking behavior, drinkers with
and without alcohol-related problems in 1981
were reinterviewed in 1986 (S. Wilsnack 1987).
This followup  survey found that circumstances
present in 1981 that were predictive of drinking
problems or of increased consumption in 1986 in-
cluded younger age, unemployment, having a
heavydrinking partner, living unmarried with a
partner, low self-esteem, sexual dysfunction, and
reproductive problems.

Because drinking may be both a cause and a
consequence of physical illness, depression, mari-
tal or employment problems, and other stressful
life experiences, it is necessary to study changes
in drinking patterns over time in order to under-
stand these relationships. R. Wilsnack et al. (1986)
conducted a retrospective analysis of changes in
women’s drinking behavior in relation to depres-
sion and reproductive problems such as infer-
tility, miscarriage or stillbirth, premature
delivery, or having a child with a birth defect.

In this survey, only 25 percent of female
drinkers reported that they had maintained a con-
stant drinking level over time. Ten percent
reported reductions in drinking with no interven-
ing increases, and 23 percent increased their
drinking levels with no reductions. The largest
group, 42 percent, reported both increases and
reductions in drinking during their lifetimes. For
those women who reported experience with
depression or reproductive problems and also
with heavier drinking, time-ordered relationships

were analyzed. For most of these women, heavy
drinking was not an antecedent of depression or
reproductive problems; rather, it began after the
occurrence of the health problem, typically after a
lag of several years. These findings suggest that
although heavy drinking may lead to a variety of
adverse reproductive consequences, the reverse
may also be true: Problems with depression or
reproductive disorders may precede and possibly
contribute to the onset of heavy drinking.

The association of alcohol-related problems
with women’s changing roles across the life span
was examined by Wilsnack and Cheloha (1987).
Four age groups of female drinkers were
analyzed with respect to marital, childrearing,
and employment roles to determine whether cer-
tain role configurations increased the risk for
developing drinking problems.

Female drinkers in the 21-to-34 age group
were least likely to report alcohol-related
problems if they were married and had a stable
work role, either working full time for pay out-
side the home or working full time in the home
without seeking outside work. Young women
without children at home were more likely than
those with children to report problems. Young
single mothers with full-time, paid employment
were consistently less likely to report alcohol-
related problems than were young single mothers
without full-time jobs.

In the 35-to-49 age group, the loss of family
roles was closely associated with alcohol-related
problems. Drinkers in this age group were more
likely to report indicators of alcohol-related
problems if they were divorced or separated or if
they had one or more children but none currently
living with them. Those who were married, had
full-time jobs, and had children at home were the
least likely to report drinking problems, indicating
that the demands of multiple roles did not increase
the risk of drinking problems among these women.

In the 50-to-64  age group, the risk of drinking
problems was greatest for those who were mar-
ried to drinking husbands, had children living
elsewhere, and had no work role outside the
home, and for those who were not currently mar-
ried, had no children at home, and were either
paid employees or students. Among women aged
65 and older, only 10 percent of the drinkers
reported any indication of drinking problems.

Overall, the demonstrated relationships be-
tween alcohol use problems and the loss or lack
of roles, together with the lack of evidence for
multiple roles as a risk factor, suggest that
drinking-related problems among women are
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related more to role deprivation than to role over-
load or to conflicts resulting from multiple roles.

In order to determine the relationship between
women’s drinking patterns and possible gender-
role conflicts, women interviewed in the 1981 sur-
vey were studied with respect to traditionally
gender-typed personality traits, personal values,
and social roles (S. Wilsnack et al. 1985). Rates of
heavy drinking and of drinking problems were
strongly related to lowest scores on measures of
personality traits reflecting an orientation toward
selflessness and empathy and of traits focusing
on marriage and children. Similarly, rates of
heavy drinking and of problem consequences in-
creased with increasing nontraditionality of
social roles. The woman with the most nontradi-
tional role configuration, according to these
criteria, had never married or was separated or
divorced, had no children, had an advanced de-
gree, and was employed in a male-dominated
occupation.

On the whole, this study showed that drinking
levels and adverse consequences of drinking in-
creased as women’s gender-role orientations
more closely approximated those traditionally as-
sociated with men. However, analysis of scores
on a measure of psychological androgyny (i.e.,
having high levels of both traditionally feminine
and masculine personality traits and personal
values) revealed that women with high levels of
psychological androgyny had lower drinking
levels and fewer adverse consequences than did
those with predominantly feminine or masculine
traits and values.

The relationship of gender to drinking and
driving was examined by Peek et al. (1987), who
analyzed 24 behavioral components of drinking
and driving (drinking-driving history; crashes;
driving origin and destination, such as places of
entertainment, as opposed to home, stores, or
workplace; and numbers of both child and adult
passengers). Although female drinking and non-
drinking drivers shared several behavioral
similarities, the female drinking drivers were ac-
tually more similar in behavior to male drinking
drivers than to female nondrinking drivers.
Results of this study suggest that gender is
probably not an important factor in explaining
women’s drinkingdriving behavior or in dif-
ferentiating between male and female drinking
drivers.

A study of the demographic characteristics of
women arrested for driving under the influence
of alcohol over a 5-year period in a midwestern
city also found close similarities between female

and male drinking drivers (Shore, McCoy,
Martin, and Kuntz  1988; Shore, McCoy, Toonen,
and Kuntz 1988). both groups consisted largely of
single, highly intoxicated drivers in their twenties
and thirties. The great majority of arrested
women were single, divorced, or living with a
partner (72 percent), compared with 28 percent
who were married or widowed. Well over half
(57 percent) were under the age of 30, and nearly
one-third (31 percent) were unemployed. The per-
centage of women arrested increased each year,
from 11 percent of the total in 1980 to 15 percent
in 1984.

Adolescents and Young Adults

Every year since 1975, the Institute for Social
Research at the University of Michigan has con-
ducted a nationwide survey of approximately
17,000 high school seniors on drug and alcohol
use and related attitudes. Since 1976, these annual
surveys have also included followup  studies. The
most recent reports (Johnston et al. 1988,1989)
thus include data on young people between the
ages of 18 and 30. These studies do not include
high school dropouts, who constitute approxi-
mately 15 percent of the age group and who have
prevalence rates for drug and alcohol use that are
higher than those for students. However, careful
examination of this problem led to the conclu-
sion that failure to include dropouts as well as
absentees in these surveys did not substantially
affect estimates of incidence and prevalence of
drug and alcohol use among adolescents
(Johnston et al. 1988).

Complete results of the 1988 senior survey are
not yet available, but it is apparent that there
have been important recent changes in adolescent
alcohol use (Johnston et al. 1989). Although the
number of seniors who had tried alcohol at some
time remained relatively stable at 92 percent,
nearly all other indicators showed decreases in
1988. For the first time in several years, the
proportion of seniors who were current drinkers
declined significantly, from 66 percent in 1987 to
64 percent in 1988, down from a high of over 72
percent in 1978 (see fig. 6). The overall decrease
from 1978 to 1988 was 11 percent. In 1987,38  per-
cent of seniors said that they had consumed five
or more drinks at a sitting during the preceding
2 weeks, but in 1988 the proportion dropped
significantly, to 35 percent, down from a high
point of 41 percent in 1981 (see fig. 6). Just over
4 percent of seniors drank daily in 1988; this
represents a 13-percent decline from 1987. In
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1979, nearly 7 percent had reported daily
drinking.

In 1987, seniors’ attitudes and beliefs reflected
a growing awareness of the potential hazards of
both drug and alcohol use (Johnston et al. 1988).
Between 1986 and 1987, percentages increased for
those perceiving a great risk in trying alcohol
(from 5 to 6 percent), taking one or two drinks
nearly every day (from 25 to 26 percent), taking
four or five drinks nearly every day (from 67 to
70 percent), and having five or more drinks once
or twice each weekend (from 39 to 42 percent).
Percentages also increased for students’ personal
disapproval of drinking practices: More than one-
fifth disapproved of trying alcohol, three-fourths
disapproved of daily drinking, and 92 percent dis-
approved of daily heavy drinking.

The decline in high school seniors’ alcohol use
paralleled concurrent declines in illicit drug use,
indicating that there had been no displacement ef-
fect and that young people had not substituted al-
cohol for drugs or vice versa. Although these
current declines are highly encouraging, they are
not cause for complacency. The level of alcohol
use by young people remains alarming: In 1987,
two-thirds of high school seniors were current
drinkers; more than one-third (and nearly half of
males) indulged in occasional heavy drinking;
nearly one-third did not perceive a great risk in
having four or five drinks nearly every day;
nearly one-third reported that most or all of their
friends got drunk at least once a week; and nearly
10 percent had first used alcohol by the sixth
grade (Johnston et al. 1988).

A statewide survey of more than 27,000 New
York students in grades 7 to 12 (Barnes and Welte
1986) revealed alcohol use patterns similar to
those found in the national survey of high school
seniors. A large majority of the students were
drinkers (71 percent), and males were more likely
than females both to be drinkers and to be heavy
drinkers. A series of four surveys in Ontario,
Canada, of students in grades 7 to 13 found an
equal proportion of drinkers (71 percent) (Smart
et al. 1985).

The followup population of high school
graduates maintained a pattern of alcohol use
similar to that of the high school seniors, with
somewhat higher levels of daily drinking and of
drinking within the preceding month (Johnston
et al. 1988).  However, the proportion of graduates
who consumed five or more drinks at a time
during the preceding 2 weeks increased up to
4 years beyond high school and then dropped
to levels below those of the seniors. Although

31 percent of seniors said that most or all of their
friends got drunk at least once a week, this figure
had dropped to 12 percent among those aged 23
to 26.

Results of the National Household Survey, con-
ducted by the National Institute on Drug Abuse
(NIDA 19881,  showed similar patterns of increase
and decline. In 1985,66  percent of young people
between the ages of 18 and 21 were current
drinkers; the proportion rose to 76 percent for the
22-to-25 age group and then declined to 70 per-
cent among those aged 26 to 34. The proportion
of heavy drinkers also declined after age 25.

Several other studies have examined alcohol
use during the transition years between adoles-
cence and young adulthood (Donovan et al. 1983;
Temple and Fillmore 1985-1986; Grant et al.
1988). A 2-year longitudinal survey of young
adults 17 to 25 years old found that three-fourths
of the respondents in the initial survey were cur-
rent drinkers (Grant et al. 1988). Nearly half (58
percent of the men and 33 percent of the women)
were heavier drinkers who had consumed six or
more drinks on at least two occasions during the
preceding month. When percentages of drinkers
at each consumption level were compared be-
tween the initial and followup surveys, results in-
dicated stability both for the study population as
a whole and for each sex considered separately.
However, placement of these subjects in eight
separate age categories from 17 to 24 revealed
that this apparent stability actually masked short-
term changes in subjects’ drinking patterns at dif-
ferent ages. In this single-age context, the
prevalence of both current and heavier drinking
generally increased between ages 17 and 22 but
declined thereafter for both sexes. This finding
confirmed the patterns of increase and decrease
noted in the followup of high school seniors
(Johnston et al. 1988) and in the NIDA survey
(NIDA 1988).

Temple and Fillmore (1985-1986),  similarly in-
vestigating stability and change in drinking pat-
terns among adolescents and young adults,
surveyed a group of young men over a 15-year
span from age 16 to age 31. They also found, as
did Donovan et al. (1983) in an earlier study, that
there was little continuity in drinking behavior
from adolescence to young adulthood. Only half
of the heavier drinkers at age 18 remained at that
level at age 31, and 7 percent of them became
abstainers. Half of the 18-year-old  abstainers be-
came moderate drinkers, one-third became
heavier drinkers, and only 15 percent remained
abstinent. Nearly half of the moderate drinkers
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became heavier drinkers; most of the other half
remained at the same level, except for 4 percent
who became abstainers. Most of the 31-year-olds
tended to drink moderately. Although Temple
and Fillmore (1985-1986) detected very little
stability in drinking behavior over time, Windle
(1988)  reinterpreted the same data and concluded
that there were elements of stability as well as
change across the IS-year span.

A comparison of patterns of heavy drinking
among young Canadian men and women be-
tween ages 15 and 29 used different amounts of
alcohol to define heavy drinking for the two
sexes (Whitehead and Layne 1987). The consump-
tion level that defined heavy drinking for females
was 25 percent lower than the level used for
males, in order to take into account the difference
in average body weight and thus in blood alcohol
concentration (BAC).  With this adjustment, pat-
terns of heavy drinking in young women were
found to be very similar to patterns for young
men within 4-year age groups, although rates of
abstinence were consistently higher for the
women. Findings of this study suggested that
there may be a close similarity in patterns of
heavy consumption when body weight is con-
trolled across a variety of other demographic vari-
ables, including age, sex, employment status, and
marital status. Very few studies have considered
body weight differences when comparing male
and female drinking patterns, and it is therefore
possible that male-female differences may often
be overestimated and similarities underestimated.

Older Adults

Research has consistently shown that among
persons in their sixties and older, alcohol con-
sumption levels are lower and alcohol abuse is
less prevalent than in the younger age groups.
However, much of this research is based on cross-
sectional studies that compare different age
groups at a given point in time. Longitudinal
studies that track individuals over a span of
several years show that consumption patterns do
not change substantially over time but instead
tend to remain stable as a person ages (Glynn et
al. 1984; NIAAA 1988a; Stall 1986a,b).  These find-
ings suggest the possibility that the differences
noted in cross-sectional studies may be cohort ef-
fects reflecting the prevailing historical and cul-
tural influences for each generation (Dufour et al.
in press; Glynn et al. 1984; NIAAA 1988a; Stinson
et al. 1989). For example, a person who grew up
during Prohibition would be likely to drink less

than one who grew up in a later, more permissive
social environment. However, Fillmore (1987a,b)
tested this hypothesis in longitudinal and cohort
analyses and concluded that increases in the per-
centage of abstainers in the older age groups
were a function of age and were not historical ef-
fects. Further studies will be needed to clarify this
question.

Although longitudinal studies showed that
consumption remained relatively stable, when
changes in consumption did occur they were
more often decreases than increases (Glynn et al.
1984; Stall 1986a,b).  Stall (1986a,b) found that
nearly two-thirds of older male drinkers
remained stable in both frequency and quantity
of alcohol intake over a 19-year  period, but those
who did change quantity levels were more than
twice as likely to decrease as to increase their
consumption.

Some reasons that have been proposed for
decreases in consumption by older persons in-
clude chronic health problems, with associated
fear of medication-alcohol interactions; decreased
income; increased sensitivity to the effects of al-
cohol due partly to decreases in lean body mass
and hence in body water content, resulting in
higher BACs for a given quantity of alcohol;
changes in lifestyle associated with retirement;
and the influence of drinking patterns within
individuals’ social networks (Glynn et al. 1984;
Stall 1986a,b,  1987; Stinson et al. 1989). Early mor-
tality of long-term alcohol abusers could be
another explanation for apparent decreased con-
sumption levels in older age groups.

Although the overall prevalence of drinking
problems is lower in the later years, a phenom-
enon that has received little research attention is
that of late-onset heavy drinking and alcoholism
(Atkinson 1988; NIAAA 1988a; Stall 1986a,b,
1987). Most older individuals with drinking
problems begin to abuse alcohol earlier in life
and carry their problems through middle age.
However, the risk for new cases, although small,
continues through the later years even as overall
prevalence declines. A review by Atkinson (1988)
suggested that late-onset heavy drinking may
begin in response to stressful life experiences
such as bereavement, poor health, economic
changes, or retirement, and appears to be more
frequent among persons of higher socioeconomic
status.

The criteria used to measure alcohol abuse
have been standardized for the younger popula-
tion and, in many cases, may be inappropriate
for older persons. Graham (1986) analyzed
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five measures of alcohol abuse with respect to
their applicability to older adults: level of
consumption, alcohol-related social and legal
problems, alcohol-related health problems,
symptoms of drunkenness or dependence, and
self-recognition of problems.

The first measure, self-report of alcohol con-
sumption, is the major source of information on
rates of heavy drinking. However, older persons
may have difficulty with mental arithmetic and
may take prescription medicines that adversely
affect recent memory. Because of generational dif-
ferences in perceived social acceptability of drink-
ing by older persons, they may be more reluctant
than younger drinkers to admit to their true level
of consumption and thus may have a higher rate
of denial of alcohol abuse. Social, legal, and
health problems may include interpersonal
problems, employment problems, legal or finan-
cial difficulties, drinking and driving, and neglect-
ing responsibilities. However, an older person
who is retired, does not own a car, has few family
or social contacts, and has few responsibilities
would not have a high score on these measures
regardless of the amount of alcohol consumed.
Alcohol-related illness may be difficult to
separate from other chronic illness and from side
effects of medication. More appropriate in-
dicators of possible alcohol problems among
older persons might include housing problems,
falls or accidents, poor nutrition, inadequate self-
care, lack of physical exercise, and social isolation.

For a diagnosis of alcohol dependence, the sub-
ject must be willing and able to report relevant
symptoms. Inaccurate self-reports, combined
with confounding symptoms of other conditions
or with the effects of prescription medicines,
could be major problems in arriving at a diag-
nosis of dependence. Graham (1986)  documented
a very low level of self-recognition of alcohol
problems in older persons who had been ad-
mitted to treatment programs. These persons
may deny that they have problems, may not
recognize symptoms of alcohol abuse, or may
wrongly interpret alcohol-related symptoms as
aging effects.

An analysis of hospital discharge data by age
group showed that from 1979 to 1985 the 65-and-
older age group consistently had the highest
proportion (approximately 60 percent) of alcohol-
related diagnoses that were not primary diag-
noses (Stinson et al. 1989). In other words, more
alcohol-related morbidity was found in older
patients than in the younger age groups after

they had been hospitalized for other, non-alcohol-
related reasons. These findings suggest that con-
siderable alcohol-related morbidity in the older
population may go undetected and untreated,
and that clinicians should be alert to the pos-
sibility that some health problems in older
patients may be alcohol related.

Eleven percent of the U.S. population is cur-
rently over age 60; by the year 2030, that figure
will have increased to 25 percent. This increase,
with associated increases in numbers of older
alcohol abusers, will have serious implications
for future health care providers. Recognizing
the need for increased attention to the health
problems of the rapidly expanding older popula-
tion, the Surgeon General’s Workshop on Health
Promotion and Aging (USDHHS  1988)  proposed
a comprehensive agenda for future programs and
research efforts. In the field of alcohol epidemiol-
ogy, these recommendations included expanding
cross-sectional and longitudinal studies and
reexamining existing data sets; analyzing drink-
ing patterns among older age groups with special
attention to different socioeconomic groups,
minority groups, and women; determining the ex-
tent of lifetime heavy drinking versus late-onset
heavy drinking; investigating the effects of retire-
ment, bereavement, and changes in income on
alcohol consumption patterns; and further
examining the reasons for decreases in alcohol
consumption with increasing age.

The Homeless

Al though the prevalence of homelessness is
difficult to assess, it has been estimated that at
least 250,000 Americans are homeless on any
given night and that as many as 3 million may
experience some type of homelessness each year
(Ropers and Boyer 1987). Estimates of the
prevalence of current alcohol abuse or depend-
ence among the homeless generally range from
20 to 45 percent (Mulkem  and Spence 1984;
Wright et al. 1987),  and estimates of lifetime
prevalence range as high as 63 percent (Fischer
and Breakey 1987; Koegel and Burnam 1987;
Ropers and Boyer 1987).

The incidence of alcohol abuse and depend-
ence among the homeless appears to be highest
in the middle years, and it is substantially lower
among both the young and the old (Fischer and
Breakey 1987; Wright et al. 1987). In contrast, al-
cohol abuse and dependence in the general
population is highest among the young and
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declines in middle age. The high prevalence of
midlife alcohol abuse and dependence among the
homeless lends some support to the thesis that
many of these people continue to drink heavily as
a means of coping with the physical and emo-
tional stresses associated with homelessness.
However, it is probably also true that alcoholism
in itself puts middle-aged alcoholics at relatively
high risk for becoming homeless. Low levels of
alcohol abuse and dependence among the older
age groups could reflect a higher mortality rate
among older homeless alcoholics.

The homeless comprise a population at high
risk for health problems in general, and this risk
is increased by alcohol abuse and dependence. In
a Los Angeles study, 57 percent of homeless al-
cohol abusers reported chronic health problems,
compared with 43 percent of homeless non-
abusers (Ropers and Boyer 1987). An analysis of
health problems among 30,000 homeless clients
of the privately funded national Health Care for
the Homeless (HCI-I)  program indicated that
about 45 percent of men and 15 percent of
women seeking health care were alcohol abusers
or alcoholdependent individuals (Wright et al.
1987).

Table 4 summarizes data on health problems
diagnosed in HCH clients who were seen more
than once and indicates the percentage of those
with each diagnosis who were alcohol abusers.
The table illustrates the range of health problems
among the homeless in general and highlights the
extent to which alcohol abuse may exacerbate
nearly all of these problems. Figures in the ratio
column indicate the degree to which alcohol
abusers exceeded nonabusers in incidence of a
given diagnosis. For example, the abuser/non-
abuser ratio of 1.8 for hypertension among males
means that male alcohol abusers were 1.8 times
more likely than nonabusers to have that diag-
nosis. As would be expected, liver disease and
drug abuse were significantly more prevalent
among both male and female homeless alcohol
abusers than among nonabusers.

The co-occurrence of alcohol abuse with drug
abuse and mental illness among the homeless is
particularly significant. In the HCH study, more
than one-fourth of alcohol-abusing women and
nearly one-fifth of the men abused other drugs in
addition to alcohol (Wright et al. 1987). Mental ill-
ness was diagnosed in more than half of female
abusers and in one-fourth of male abusers.

A study of homeless persons in Los Angeles
also documented high rates of mental illness
among alcohol abusers (Koegel and Bumam

1987). This study found that 69 percent of those
with a lifetime prevalence of alcohol abuse or de-
pendence had at least one non-alcohol-related
psychiatric diagnosis, and that multiple
psychiatric diagnoses were more likely to occur
in those with alcohol problems. More than 22 per-
cent of homeless persons with alcohol problems
had three or more such diagnoses, compared
with only 6 percent of those without problems.
The differences were significant for diagnoses of
drug abuse or antisocial personality. The alcohol
abusers were also somewhat more likely to be
diagnosed with affective disorders, schizo-
phrenia, generalized anxiety, and panic
disorder.

The homeless alcoholics who did not have ad-
ditional psychiatric diagnoses were all male and,
compared with those who had both alcohol and
psychiatric problems, were much more likely to
be middle aged; to be either separated, divorced,
or widowed; to have children; and to be veterans
(Koegel and Bumam  1987). In contrast, the home-
less with both alcohol and psychiatric problems
included women, were predominantly under age
40, were less likely to have been married, and in-
cluded a higher proportion of blacks.

The homeless who had neither alcohol nor
psychiatric problems were far more likely to be
newly homeless than were those with alcohol
problems, and they were far less likely to have ex-
perienced long-term homelessness (Koegel and
Burnam 1987). Most of those with neither alcohol
nor psychiatric problems cited loss or lack of a
job as the primary reason for their homelessness.
Those with alcohol and/or psychiatric problems
were much more likely to cite lack of money,
family crises, or alcohol problems as the cause of
their homeless condition. These findings suggest
that, in addition to housing and job oppor-
tunities, efforts to alleviate the problem of the -.
large numbers of homeless persons in the United
States must involve increased availability of al-
coholism treatment facilities along with adequate
health and mental health care.

Racial and Ethnic Minorities

Of the four major racial and ethnic minority
groups in the United States, blacks are the largest,
comprising 12 percent of the total population. Ap-
proximately 7 percent of the total population are
Hispanics, and approximately 2 percent are
Asian-Americans. American Indians and Alaska
Natives are the smallest racial minority, compris-
ing less than 1 percent of the total population.
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TABLE 4. Health problems diagnosed among homeless health care clients, by sex, with
percentage of alcohol abusers and nonabusers and abuser/nonabuser  ratio for each
diagnosis

Diagnosis

Men Women

Non- Abuser/ Non- Abuser/
Abusers abusers nonabuser Abusers abusers nonabuser
(percent) (percent) ratio (percent) (percent) ratio

Mental illness
Peripheral vas-

cular disorder
Hypertension
Gastrointestinal

disorder
Trauma

Lacerations
Fractures
Contusions

Drug abuse
Eye disorder
Neurological

disorder
Cardiac disease
Tuberculosis
Chronic obstruc-

tive pulmonary
disease

Arterial disease
Diabetes mellitus
Seizures
Anemia
Nutritional

disorder
Liver disease
Pregnancy

27.7 21.3 1.3 52.8 35.2 1.5

15.5 13.2 1.2 14.1 10.7 1.3
21.9 12.3 1.8 14.1 10.3 1.4

17.1 11.2 1.5 20.0 14.9 1.3

13.5 8.8 1.5 8.5 3.7
7.0 4.5 1.6 5.4 2.1
8.0 4.4 1.8 10.6 4.5

18.1 7.3 2.5 26.1 5.3
18.1 7.3 2.5 9.6 6.9

2.3
2.6
2.4
4.0

9.7 6.7 1.4 11.7 9.6
8.5 6.1 1.4 6.3 5.6
6.9 5.5 1.3 3.1 2.7

.4

.2

.l

.I

6.0 4.2 1.4 8.9 3.7 2.4
5.4 3.5 1.5 6.8 4.0 1.7
2.2 2.2 1.0 3.1 2.8 1.1
6.8 2.2 3.1 5.6 2.5 2.2
2.2 1.4 1.6 3.1 3.6 0.9

2.4 1.3 1.8
3.0 0.7 4.3

4.5 2.1 2.1
4.2 0.6 7.0
7.0 12.0 0.6

SOURCE: Wright et al. 1987.

Despite considerable diversity within these
groups in drinking patterns and problems, U.S.
racial and ethnic minority groups have collective
patterns of alcohol use and alcohol-related
problems that may be quite different from those
of the population as a whole. However, Lex
(1987) outlined several caveats for examining
these differences, pointing out that few studies of
alcohol problems have involved systematic com-
parisons across ethnic minority groups or ex-
amined a sufficient number of relevant variables.
These variables may include nutritional or health

status, socioeconomic status, education, employ-
ment status, income, and housing conditions.
Societal conditions, local customs, and shared
beliefs about alcohol’s symbolic role in a group’s
social life are also relevant factors.

Alcohol research has only recently begun to
focus on racial and ethnic minorities. In the ab-
sence of adequate longitudinal studies, few con-
clusions can be drawn concerning trends in
consumption patterns or problem rates. Further
research is needed, both to characterize the
problems that may be specific to each group and
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to provide a basis for culturally appropriate
means of addressing these problems.

Blacks
A survey conducted in 1984 focused on obtain-

ing representative national samples of blacks and
Hispanics-the first national survey to do so
(Caetano  1989; Herd 1988b,  1989). Overall, black
and white men had similar drinking patterns, al-
though black men had somewhat higher absten-
tion rates than whites (29 percent versus 23
percent) and white men were somewhat more
likely to be heavier drinkers. The same pattern
was found for women, but the differences were
more pronounced. Nearly half of black women
were found to be abstainers (46 percent), com-
pared with one-third (34 percent) of white
women. A larger proportion of white women
were heavy drinkers, although when abstainers
were excluded from the analysis, a somewhat
higher proportion of black female drinkers were
found to drink heavily. The 1985 National Health
Interview Survey, however, showed higher rates
of abstention and lower rates of drinking at all
levels for black men and women than for whites
(NIDA 1988; Schoenborn 1986; Williams et al.
1986).

The 1984 survey found important racial dif-
ferences within age-group categories. Heavy
drinking was most prevalent among white men
in the 1%to-29  age category and declined in suc-
cessive age groups (Herd 1989). In contrast,
abstention rates were high among black men be-
tween 18 and 29, but rates of heavy drinking rose
sharply among those in their thirties. Similarly,
young white women in the 18-to-29  age group
were significantly more likely to drink, and to
drink heavily, than were young black women.
Other studies also have shown high rates of
abstention for black adolescents and young
adults (Barnes and Welte 1986; Harford 1986;
Welte and Barnes 1987).

Although overall drinking levels were lower
among blacks than among whites, black males
surveyed in the 1984 study reported higher rates
of drinking-related problems (medical, personal,
and social) than white males (Herd 19891. The
most striking differences between blacks and
whites were in rates for health problems and
symptoms of dependence. The only problem
reported more often by whites than blacks was
drinking and driving; more than 2.5 times more
white men than black men reported driving
while drunk. The overall pattern was reversed
among women, with black women reporting

fewer alcohol-related problems than white
women, except for a somewhat higher proportion
experiencing health problems. As withmen,  the
greatest difference was in the rate of drunk driv-
ing; more than five times more white women
than black women reported driving while drunk.
Although arrest rates for drunk driving have
been higher among blacks than among whites,
the rates for whites increased significantly
through the 1970s and by 1982 arrest rates were
nearly identical for both groups.

Black and white men had strikingly different
patterns in the relationship between age and
drinking problems (Herd 1989). White men were
shown to be at the highest risk for alcohol use
problems in the youngest age group (18 to 29),
but black men were at the lowest risk in this age
group. For men in their thirties, problem rates
decreased sharply for whites but increased
sharply for blacks. Problem rates remained
higher for blacks than for whites throughout
middle and old age.

Blacks, especially males, are at extremely high
risk for acute and chronic alcohol-related diseases
such as cirrhosis, alcoholic fatty liver, hepatitis,
heart disease, and cancers of the mouth, larynx,
tongue, esophagus, and lung, as well as for unin-
tentional injuries and homicide (Herd 1989;
Ronan 1986-1987). Between 1979 and 1981 the in-
cidence of esophageal cancer for black males
aged 35 to 44 was 10 times that for whites. Al-
though cirrhosis deaths have declined since 1973,
they are still disproportionately high among
blacks. Further, increased susceptibility of blacks
to the deleterious effects of prenatal alcohol ex-
posure has been demonstrated in epidemiological
studies (Chavez et al. 1988; Iosub et al. 1985).

One possible explanation for the high level of
health problems among blacks may be the later
onset of heavy drinking (Herd 1989). This late
onset may be associated with more sustained pat-
terns of high consumption, in contrast to patterns
among whites, for whom heavy drinking is more
likely to be a short-term, youthful phenomenon.

Herd (1988a)  examined the effect of
socioeconomic factors on problem rates and
found that these factors were more strongly re-
lated to drinking problems among black men
than among white men. Poor education, poverty,
and heavy consumption patterns were associated
with both dependence problems and interper-
sonal problems among blacks. In contrast, only
consumption patterns-but not education or in-
come-were found to be statistically related to
these types of problems among whites.
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In sum, although alcohol consumption levels
are very similar for black and white men, black
men experience considerably higher rates of all
kinds of social and health complications than
white men, and high problem rates are con-
centrated among the more socioeconomically dis-
advantaged men. These findings suggest that the
higher vulnerability of blacks to alcohol problems
compared with whites at the same consumption
level may be largely a reflection of social and
economic problems such as unemployment,
adverse living conditions, poor health care, and
racial discrimination (Herd 1987,1988a).  The
question of possible differences in biological
vulnerability to some alcohol-related health
problems among blacks remains unanswered; fur-
ther research is needed to address this important
concern.

Hispanics
Hispanics display great cultural diversity, with

associated diversity in patterns of alcohol use. Al-
though there has been considerable debate over
an acceptable definition of Hispanic ethnicity
(Caetano 1986a),  U.S. Hispanics generally have
origins in Mexico, Puerto Rico, Cuba, and other
Latin American countries.

The differences in drinking norms among
Spanish-speaking cultures were illustrated
dramatically in an international comparison of
drinking patterns among U.S. Hispanics,
Mexicans in Mexico, and Spaniards in Spain
(Caetano 1988b).  More than half the men in Spain
drank nearly every day, 5 times more than U.S.
Hispanic men and 15 times more than Mexican
men. Very few Spanish men were abstainers; five
times more U.S. Hispanics and six times more
Mexicans abstained. There were 3 times more
abstainers among U.S. Hispanic women, and
4 times more among women in Mexico, than
among Spanish women; 25 times more Spanish
women drank nearly every day than did U.S.
Hispanic or Mexican women. The low rates of
abstention and high rates of daily drinking
among Spanish men and women are best ex-
plained as being reflective of the drinking pat-
terns typical of wine-drinking cultures.

A representative national sample of Hispanics
in 1984 revealed striking differences in alcohol
consumption between Hispanic men and women
(Caetano 1989). More than 70 percent of Hispanic
women drank either less than once a month or
not at all; in contrast, almost the same percentage
of men were drinkers. As with black men, rates
of heavier drinking increased sharply among

Hispanic men in their thirties but declined there-
after. Among women, rates of heavier drinking
were very low except for a significant increase
among women in their forties and fifties, but the
rate dropped to zero among women aged 60 or
over. Mexican-American men and women had
much higher rates of both abstention and heavier
drinking than men and women of Puerto Rican
or Cuban origin.

Acculturation (the degree to which one has
adapted to and accepted the social and cultural
norms of a new environment) may be associated
with substantial changes in drinking patterns.
Caetano (1987a,b)  found that the more highly ac-
culturated men were more likely to be drinkers
and to drink heavily, and that their drinking pat-
terns were closer to those of the U.S. general
population. The relationship was similar but
more pronounced among women. Only half
as many highly acculturated women were
abstainers, and nine times more were in the two
heaviest drinking categories compared with those
at low acculturation levels.

A study of patterns of alcohol use by im-
migrant Mexican-American women found that
the proportion of abstainers was considerably
higher among the immigrants than among
women in Mexico, in direct contrast to the pat-
tern of increased alcohol use by immigrant
Mexican men (Gilbert 1987). The immigrant
women had adopted a unique pattern of con-
sumption unlike the drinking patterns of women
in Mexico, women in other Hispanic immigrant
groups, and women in the U.S. general popula-
tion. By the second generation, however, rates of
both abstention and heavier drinking were
similar to those for women in the U.S. general
population.

About 18 percent of Hispanic men and 6 per-
cent of women experienced at least one alcohol-
related problem during the year preceding the
1984 survey (Caetano 1989). Problem rates varied
by national origin; much higher proportions of
Mexican-American men and women reported
drinking-related problems, compared with
Puerto Ricans and Cubans (Caetano 1988a).
Among Hispanic male age groups, problem rates
remained high from the twenties through the thir-
ties whereas in the general population, problem
rates dropped substantially among those in their
thirties.

The prevalence of alcohol-related problems is
higher among Hispanic men than among black or
white men (Caetano 1986b).  This high problem
rate suggests a need for studies of Hispanic male
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adolescents to identify possible risk factors and
vulnerabilities. Although a few studies have com-
pared consumption levels in different adolescent
ethnic groups (Barnes and Welte 1986; Welte and
Barnes 1987),  little systematic information is avail-,
able on alcohol-related risk factors or patterns of
drinking behavior among Hispanic male adoles-
cents. A comprehensive literature review by
Gilbert and Alcocer (1988) provides a basis for
future research efforts aimed at further investi-
gating the alcohol-related behavior of at-risk
Hispanic adolescents..

Asian-Americans
The term “Asian-American” encompasses an

extremely diverse population with origins in
Japan, China, Korea, India, the Philippines, Viet-
nam, and other Asian countries. As would be ex-
pected, Asian-Americans from such disparate
cultural backgrounds vary significantly in their
patterns of alcohol consumption. Nevertheless,
Asian-Americans as a whole,have  the lowest
level of alcohol consumption and alcohol-related
problems of all the major racial and ethnic groups
in the United States (Sue 1987). This low rate of al-
cohol consumption and abuse may be attributed
partly to cultural factors and partly to the flush-
ing response, which occurs in a high proportion
of Asian people. This physiological reaction is
characterized by facial flushing, which is
often accompanied by headaches, dizziness,
rapid heart rate, itching, or other symptoms of
discomfort.

A study carried out in California compared
drinking patterns among Asian-Americans of
Chinese, Japanese, Korean, and Filipino origin
(Kitano and Chi 1986-1987). Rates of abstention
were very high among Korean men, nearly half
of whom were abstainers, Approximately one-
third of Chinese, Japanese, and Filipino men were
abstainers. Four-fifths of Korean and Filipino
women were abstainers, as were two-thirds of
Chinese women but only one-third of Japanese
women. A study of older Chinese-Americans
in Chicago showed that lifetime abstention
decreased with advancing age (Yu and Liu 1986-
1987). Abstention rates remained fairly constant
at about 57 percent for those between the ages of
50 and 79, but only 45 percent of those aged 80 or
older abstained. This finding suggests that many
Chinese may begin drinking in old age. A pos-
sible explanation is the social acceptance of
moderate drinking ostensibly for health reasons,
among elderly Chinese.

In the California study, Japanese, Korean, and
Filipino men all had approximately the same per-
centage of heavy drinkers (about 28 percent), but
only half as many Chinese men drank heavily.
Twelve percent of Japanese women drank heav-
ily, but only.4 percent of Filipino women and vir-
tually none of the Chinese or Korean women
were heavy drinkers. Lubben et al. (1988)  found,
the,same  proportions of heavy drinkers among’
Filipino-Americans. _

Despite the prevalence of heavy drinking.
among males in some groups, there is very little
evidence of alcohol-related problems among
Asian-Americans. One possible-explanation is
that much of the drinking appears to be done
with friends and on special occasions; thus drink-
ing behavior is socially controlled, and the result
is low prevalence of alcohol-related social and
personal problems. Cirrhosis mortality rates were
found to be nine times higher for blacks and
four times higher for whites than for Chinese-
Americans, which was not unexpected, con-
sidering the substantially lower rates of heavy
drinking among Chinese-Americans (Yu and Liu
1986-1987).

A cross-cultural study involving international
collaboration between researchers inJapan  and
the United States compared alcohol consumption
patterns and problems among Japanese in Japan,
Japanese-Americans in California and Hawaii,
and Caucasians in California (Clark and
Hesselbrock 1988; Kitano et al. 1988; Towle 1988).
Japanese men in Japan had the highest propor-
tion of current drinkers and the highest consump
tion levels among the four groups (Clarkand
Hesselbrock 1988). Japanese women, on the other
hand, had the lowest proportion of drinkers, and
Caucasian women, the highest. Japanese men in
Japan also had the highest rate of alcohol-related
problems, and Japanese-Americans reported the _
fewest problems. The effects of acculturation-on
drinking patterns were not clear; results indicated
that drinking patterns in all groups were highly
dependent on local social and environmental in-
fluences (Kitano et al. 1988).

Sue (1987),  reviewing the relatively sparse
literature on alcohol use among Asian-
Americans, concluded that although Asian-
Americans are more likely to be abstainers than
other racial groups, the frequency and amount of
drinking appear to be increasing. This review
stressed the importance of such variables as
specific ethnic group, place of birth, generational
status, and degree of acculturation in analyzing
patterns of alcohol use among Asian-Americans.



American lndiuns  and A/usku  Natives
Because of the great diversity in drinking prac-

tices among American Indian tribal groups, it is
not possible to make generalizations about their
drinking patterns. Some tribes are mostly
abstinent, while others have high levels of alcohol
use and abuse. A comparative study of 11 tribal
groups in Oklahoma found a wide range in per-
centages of deaths that were alcohol related, from
less than 1 percent to 24 percent (Christian et al.
1989).

The extent of alcohol-related problems among
American Indians and Alaska Natives is reflected
in their mortality rates for causes that are, or are
very likely to be, alcohol related. Unintentional in-
juries (accidents), chronic liver disease and cir-
rhosis, homicide, and suicide are among the 10
leading causes of death for American Indians and
Alaska Natives (IHS 1988). The age-adjusted
death rate for unintentional injuries, the second-
ranked cause of death, dropped from a high of
184 deaths per 100,000 population in 1955 to 77.7
in 1985, a 58-percent decrease. However, this rate
is still 2.2 times higher than the rate for uninten-
tional injuries in the general population. The
respective mortality rates among Indians and
Alaska Natives for homicide and suicide were
14.3 and 14.1 deaths per 100,000 in 1985, com-
pared with rates of 8.3 and 11.5 in the general
population. An estimated 75 percent of all
traumatic deaths and suicides among Indians and
Alaska Natives are alcohol related (Rhoades et al.
1987). In Oklahoma, more than 9 percent of
deaths among Indians were classified as alcohol
related, compared with 2 percent for whites and
3 percent for blacks (Christian et al. 1989).

Deaths from alcohol-related causes are par-
ticularly prevalent among American Indians and
Alaska Natives between the ages of 25 and 44
(IHS 1988). In this age group, the 1985 mortality
rate for unintentional injuries was three times
higher than the rate for the United States as a
whole, and the death rate for cirrhosis was more
than five times higher than for the general
population.

The 1985 age-adjusted mortality rate for
chronic liver disease and cirrhosis among
American Indians and Alaska Natives was 29.2
deaths per 100,000, three times the U.S. death rate
of 9.7per  100,000 (II-IS 1988). Deaths attributed
to alcoholism in the II-IS report included those
caused by alcohol dependence syndrome, al-
coholic psychoses, and alcohol-related liver cir-
rhosis. The 1985 age-adjusted alcoholism

mortality rate was 26.1 deaths per 100,000
population, a significant decrease from the 1973
high of 66.1 but still four times higher than the
rate for the general population. Alcoholism death
rates were twice as high for men as for women
and, among age groups, ranged as high as 96.8
deaths per 100,000 for men between the ages of 45
and 54.

Binge drinking is characteristic of many Indian
tribal groups. This heavy, sporadic alcohol con-
sumption may be the reason for the high rate
of accidental deaths and homicides among
American Indians. Male Indians living in urban
areas are less likely to be involved in binge drink-
ing, but they continue to drink heavily (Weibel-
Orlando 1986-1987).

Although American Indian women drink con-
siderably less than men, they appear to be par-
ticularly susceptible to alcohol-related health
problems. For example, despite their relatively
low consumption levels, women account for
nearly half of cirrhosis deaths of American Indian
and Alaska Natives (IHS 1988). Problems related
to prenatal alcohol exposure are discussed in
chapter VI.

Summary
Per capita alcohol consumption has been slowly

but steadily declining in the United States since
1981. In 1987, after 6 successive years of gradual
decline, per capita consumption was at its lowest
level since 1970. Consumption appears to be level-
ing off or declining in many other industrialized
countries. Nevertheless, alcohol remains the lead-
ing drug of abuse in the Nation.

Patterns of consumption remained relatively
stable from the 1960s through the 1980s except for
a small increase in the percentage of abstainers
among men and an increase in the proportion of
heavy drinkers among both men and women in
their twenties. There also has been a decrease in
the proportion of abstainers among younger
women, but overall there is no evidence of a con-
vergence in drinking patterns between men and
women.

The prevalence of alcohol-related problems
among hospitalized persons has been estimated
to be 25 percent. Overall alcohol-related mor-
bidity did not decline during the 1980s. Nearly
half of those diagnosed as having alcohol abuse
or alcohol dependence in the general population,
and two-thirds of those in treatment for alcohol
and other drug problems, have psychiatric
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diagnoses. Overestimation in some categories homeless are at high risk for health problems and
may have resulted from the diagnostic methods psychiatric disorders, and these are exacerbated
used in the study. by alcohol abuse.

The cirrhosis mortality rate has been dropping
since 1973 and in 1985 was the lowest it had been
in 3 decades, There is evidence for similar
declines in cirrhosis mortality in certain
developed countries.

Although the level of alcohol use problems
remained stable between the 1960s and the 198Os,
there were small increases in the prevalence of
symptoms of dependence. Both heavy drinking
and drinking-related problems are associated
with being male, young, and/or single. However,
there is a high degree of remission of problems
with increasing age, paralleling age-related
decreases in heavy drinking.

Drinking-related problems among women ap-
pear to be associated with role deprivation rather
than with role overload or with conflicts resulting
from multiple roles. Women at highest risk for
drinking-related problems are unmarried but
living with a partner, are in their twenties or
early thirties, and/or have a heavy-drinking hus-
band or partner. Depression and reproductive
problems may precede as well as follow heavy
alcohol use.

The gradual downward trend in alcohol use
by high school seniors during the 1980s con-
tinued through 1988, with declines in nearly all
indicators. However, alcohol use was still disturb-
ingly high: 92 percent of seniors in 1988 had tried
alcohol, two-thirds were current drinkers, more
than one-third were occasional heavy drinkers,
and nearly one-third reported that most or all of’
their friends got drunk at least once a week.
During the transition years between adolescence
and young adulthood there appears to be little
continuity in drinking behavior, and drinking
levels tend to decline substantially by age 30.

Each of the four major racial and ethnic minor-
ity groups in the United States encompasses
diverse subpopulations, but each group as a
whole exhibits characteristic patterns of alcohol
use and abuse, and each has specific vulner-
abilities. Although blacks have high rates of
abstention and low rates of heavy drinking, they
are at extremely high risk for health problems in
which alcohol is a factor, such as liver cirrhosis,
heart disease, and cancers of the esophagus,
mouth, larynx, and tongue. Hispanics, particu-
larly Mexican-Americans, have high rates of
abstinence, high rates of heavy drinking, and a
higher prevalence of drinking-related problems
than other racial and ethnic groups. Asian-
Americans have the highest rates of abstention,
the lowest rates of heavy drinking, and the lowest
levels of drinking-related problems, probably at
least partly because of the flushing response, a
physiological sensitivity to the effects of alcohol.
American Indian and Alaska Native groups vary
widely in alcohol use, but as a whole they have
very high mortality rates from causes that are, or
are likely to be, alcohol related, such as cirrhosis,
unintentional injuries, homicide, and suicide.

When changes in consumption patterns occur
among older adults, they are usually decreases.
Thus, there are more abstainers and fewer heavy
drinkers in this age group than in the younger
age groups. The prevalence of drinking-related
problems is lower among older people, although
lateonset heavy drinking may sometimes begin
in response to stressful life experiences. Alcohol-
related health problems are diagnosed in a high
proportion of older patients who have been hospi-
talized for non-alcohol-related causes.

Important areas for future epidemiologic re-
search include continued surveillance of per
capita consumption and liver cirrhosis mortality,
with greater attention to international trends;
standardization of measures for defining levels of
alcohol consumption in order to permit greater
comparability of survey data; clarification of the
diagnostic distinction between alcohol abuse and
alcohol dependence (and more rigorous applica-
tion of this distinction in epidemiologic studies);
more accurate determination of the extent of both
medical and psychiatric comorbidity; more ac-
curate assessment of the impact of alcohol abuse
on mortality; and increased emphasis on lon-
gitudinal studies of drinking patterns and
problems, with particular attention to under-
studied subgroups of the population such as
older age groups, women, and racial and ethnic
minorities.
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Introduction
The observation that alcoholism tends to run

in families has been confirmed by numerous
reports in the modern scientific literature. For ex-
ample, Cotton (1979),  in a frequently cited
review, analyzed 39 familial alcoholism studies
published over a IO-year period. She found sub-
stantial agreement among the studies that an al-
coholic is much more likely than a nonalcoholic
to have a parent or other relative who is also al-
coholic; two-thirds of the studies found that at
least 25 percent of the alcoholics had alcoholic
fathers. Based on her review, Cotton estimated
that, on average, one-third of any sample of al-
coholics will have at least one parent who is also
alcoholic. Although most of the studies found
high rates of alcoholism among the parents of
alcoholics, several also found high rates among
siblings. Fathers and brothers of alcoholics were
more likely to have alcohol problems than the
mothers and sisters of alcoholics, a fact that
probably reflects the greater incidence of al-
coholism among males. Thus many studies indi-
cate that a major risk factor for developing
alcoholism is being the close relative of an
alcoholic.

As in the case of alcoholism, a number of
common pathologies have been found to occur

more frequently in some families than in others,
including cardiovascular, neoplastic, emotional,
and endocrine disorders (Williams 1988). One
cannot, however, interpret such findings in ex-
clusively genetic terms, since genetic factors in
some diseases do not negate the contribution that
environmental factors can make to the risk of
developing such diseases (Williams 1988).

Traits that are familial may be passed from
generation to generation by genetic factors or en-
vironmental factors. Research has produced
evidence that both genetic and environmental fac-
tors contribute to alcoholism, and the interaction
of genetic and environmental factors is emerging
as a fundamentally important issue in the etiol-
ogy of alcohol problems. As yet, the specific gene
or genes involved have not been identified and
the mechanisms by which genetic transmission
occurs have yet to be defined. Likewise, the
specific environmental risk factors are not
known, although research does suggest possible
childhood antecedents of alcoholism as well as
potential psychological and social mechanisms re-
lated to drinking behavior and to the process of
becoming dependent.

It is most plausible that the relative contribu-
tion of genetics or environment to the expression
of alcohol problems in any given individual will
vary depending on a number of factors including
the subtype of alcoholism (Cloninger et al. 1981).
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For example, one form of alcoholism appears to
be highly dependent on genetic factors, another
form appears to require both specific genetic and
environmental factors, and there are also cases of
alcoholism without any obvious genetic factors
(Cloninger et al. 1981).

The discussion begins with a review of recent
studies involving both humans and animals that
collectively point to the influence of heredity in
the establishment of drinking patterns and in sus-
ceptibility to alcoholism. This review is followed
by a discussion of research on psychological and
social factors that influence drinking behavior.
The chapter includes a discussion of possible
heredity-environment interactions in the develop
ment of alcoholism, an area that seems likely to
receive much more attention in the future.

Twin and Adoption
Studies

Numerous studies have demonstrated that al-
coholism tends to run in families and that the pat-
tern is consistent with genetically transmitted
susceptibility. Other explanations, however, are
possible, because the social environment shared
by members of the same family could also
predispose to alcoholism. For this reason, studies
assessing the role of genetics in alcoholism must
minimize or control for environmental variables.
Several different approaches are possible, includ-
ing the study of twins and adoptees. In addition,
animal research permits the study of genetic
transmission of alcohol-relevant traits.

Twin studies are based on the principle that if
a trait (for example, alcohol dependence) has
genetic determinants, then persons who are
genetically identical (identical twin pairs) should
tend to develop more similar drinking patterns
and problems than those who are genetically no
more alike than ordinary siblings (fraternal twin
pairs). Adoption studies are based on the prin-
ciple that children born to alcoholics but adopted
at an early age and raised by others, even in a
nonalcoholic environment, may have a greater
tendency to abuse alcohol or become alcohol de-
pendent if they have inherited genes that make
them vulnerable.

Twin Studies
One of the earliest studies of alcoholism in

twins was by Kaij (19601,  who found 74 percent
concordance of alcoholism between identical twins.

That is, if one member of a pair of genetically
identical twins was alcoholic, the probability of
the other member’s also being alcoholic was 74
percent. In contrast, concordance of alcoholism
between fraternal twins was only 32 percent. A
higher concordance rate among identical than
among fraternal twins was also found by Hrubec
and Omenn (19811,  who reported 26-percent con-
cordance of alcoholism in identical twins and
only 13 percent in fraternal twins.

The higher concordance of alcohol dependence
rates among identical twins compared to frater-
nal twins suggests that genetic factors are in-
volved in predisposition to alcoholism. Identical
twins have identical genetic makeup because
they developed from the same fertilized ovum.
because alcohol dependence more frequently af-
fects both members of identical twin pairs than
both members of fraternal twin pairs, a plausible
explanation is that it arises from shared genetic
vulnerability.

An environmental explanation is also possible.
For example, Partanen et al. (1966) suggested that
part of the concordance of alcohol abuse patterns
between twins arises from their tendency to be
socially closer than nontwin siblings and, there-
fore, presumably more imitative. Other studies
(Kaprio et al. 1979; Kaprio et al. 1978) have found
that the frequency of social contact is especially
high between identical twins; a study of twin
brothers in the United Kingdom (Clifford et al.
1981) found evidence suggesting that at least 20
percent of the variance in alcohol consumption
could be attributed to shared family experiences.

The issue of the confounding effects of social
contact between twins was addressed in a recent
Finnish study (Kaprio et al. 1987) of concordance
of alcohol use patterns in adult twin brothers be-
tween the ages of 24 and 49. This study, involving
virtually the entire population of twins in that
age group in Finland (more than 2,800 pairs,
nearly one-third of whom were identical twins), is
the largest to date on the concordance of drinking
patterns among twins.

Subjects were given a questionnaire to deter-
mine frequency and quantity of drinking, drink-
ing “density” (regularity of drinking at particular
times, such as weekends), frequency of passing
out from drinking, and frequency of social con-
tact between twins, including cohabitation.
Analysis of the data showed that cohabitation or
frequent social contact between twins was indeed
correlated with concordance in their drinking pat-
terns, that identical twins had more social contact
with each other during adulthood than fraternal
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twins, and that concordance of drinking patterns
was greater between identical twins. However,
greater social interaction did not fully explain the
strongly similar drinking habits of identical
twins, and analytical methods that adjusted for
the contribution of cohabitation and social con-
tact variables revealed a significant genetic con-
tribution to the concordance.

For measures of frequency, quantity, and den-
sity of drinking episodes, genetic factors were sig-
nificant, with heritability estimates ranging from
36 percent to 40 percent (Kaprio et al. 1987).
Genetics was found to play no role in the fre-
quency of drinking to unconsciousness. The in-
vestigators concluded that the greater similarity
in drinking patterns reported by identical twin
brothers cannot be fully explained by their
greater social contact with each other, and that
genetic factors play a significant role in the
similarity of their drinking patterns.

One of the most recent twin studies (Heath et
al. 1989) was also quite large, obtaining drinking
information from a population of more than 1,200
identical and more than 750 fraternal female twin
pairs located through the Australian National
Twin Register. These sample sizes were large
enough to permit a detailed analysis of the inter-
action of genetic and environmental factors in
determining alcohol consumption levels.

In addition to questions about alcohol con-
sumption, the respondents, whose average age
was about 35, were asked for information about
their marital status (which turned out to be a very
influential environmental variable) and the
amount of social contact between twins.

Unlike the study of Finnish male twins (Kaprio
et al. 19871, analysis of the Heath et al. (1989) data
gave no evidence that concordance of drinking
habits in these female twin pairs was influenced
in any way by either their frequency of social con-
tact with each other or by their cohabitation. This
finding might reflect gender differences in social
influences on drinking habits or cultural differ-
ences between Finland and Australia.

The most significant finding, however, was a
significant interaction between genetics and en-
vironment in relation to marital status, which
was found to be a major modifier of genetically
influenced drinking habits. (For purposes of
statistical analysis, living together with a man
was considered the equivalent of marriage.) In
the younger cohorts (age 30 and under), genetic
differences accounted for 60 percent of the
variance in drinking habits in twins who were
not married, but for only 31 percent of the

variance in married twins. Likewise, in the older
cohorts (age 31 and older), genetic factors ac-
counted for 76 to 77 percent of the variance in
drinking habits in the unmarried women, but for
only 46 to 59 percent of that variance in married
respondents. In other words, in both cohorts,
being married or having a marriagelike relation-
ship modified the magnitude of the impact of in-
herited factors that affect drinking behavior.

Another recent twin study investigated factors
associated with adolescent alcohol use. Heath
and Martin (1988) surveyed adult twin pairs
(aged 20-30)  from the Australian National Twin
Register concerning their current and teenage al-
cohol use in a study of genetic and social deter-
minants of adolescent drinking. When genetic
and shared environmental effects were pooled,
the resulting measure of familial influences was
substantially important in explaining age of
drinking onset during adolescence, accounting
for 51 percent of the variance in males and 58 per-
cent in females. Gender differences were found to
exist, however, in the relative importance of
genetic and shared environmental factors.
Among males, age of initiation of drinking was
uninfluenced by genetic factors but strongly in-
fluenced by shared environment; among females,
moderate genetic influence and little shared en-
vironmental effect were found. In contrast, cur-
rent alcohol consumption among adult twins was
strongly influenced in both sexes by genetic fac-
tors, which accounted for 58 percent of the
variance in consumption in females and 45 per-
cent in males, while 0 and 21 percent respectively
was accounted for by shared environment.

Martin et al. (1985a)  found genetic influences
in psychomotor performance and pulse rate
among twins following alcohol ingestion. Al-
cohol administered acutely to 206 twin pairs
(42 percent of them identical) elicited great differ-
ences in psychomotor and psychological responses
in individuals that had not been apparent during
sobriety. About half the total variance in body
sway immediately after alcohol ingestion was
found to be due to genetic differences. Significant
genetic contributions were also found in the
variance of alcohol-elicited effects on hand steadi-
ness, arithmetic ability, and pulse rate. These
variations were significantly correlated with
measures of blood alcohol concentration (BAC),
previous drinking experience, and extraversion
in the subjects. However, analysis led to the con-
clusion that very little of the genetic variation
could be explained by these correlated factors,
and that most of it was due to genetic factors.
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Adoption Studies

The Sixth Special Report to the U.S. Congress on
Alcohol and Health (USDHHS 1987) gave consider-
able attention to adoption studies which had
shown that children born to alcoholic parents but
adopted during infancy and raised by others
were at greater risk for alcoholism than adopted
children who were born to nonalcoholics
(Cloninger et al. 1981; Goodwin et al. 1973).

Adoption studies are important because they
allow genetic and environmental factors to be as-
sessed independently. Thus the effects of environ-
mental factors can be estimated by comparing
individuals with different genetic backgrounds
who were raised in the same home (adoptees and
their nongenetic siblings), and genetic influences
can be assessed by comparing genetically related
individuals who were raised in different environ-
ments (adoptees and their nonadopted genetic
siblings).

The Sixth Special Report summarized adoption
studies conducted in Sweden (Bohman et al.
1981; Cloninger et al. 1981). These studies, which
examined the backgrounds of both adoptive and
biological parents in relation to the existence and
extent of alcohol abuse and alcohol dependence
in the adopted offspring, led to the recognition of
two types of alcoholism having different patterns
of inheritance: type 1, milieu-limited; and type 2,
male-limited. (These typologies  are discussed
more fully later in this chapter.) As with earlier
studies in Denmark by Goodwin et al. (1973), the
Swedish studies found no correlation of alcohol
dependence between adoptive parents and
adoptees.

It must be noted that some authors have found
previous twin and adoption studies unconvinc-
ing (Peele 1986; Murray et al. 1983; Fillmore
1988a,b;  Searles 1988). Criticisms involve possible
biases introduced by adoption agency practices
that match adoptees and adoptive parents and by
the effects of use of subject cohorts spanning
several decades. In addition, generalizability con-
cerns were expressed based on both the use of
nonstandard definitions of alcoholism and on
possible differences between persons who place
their children for adoption and persons who do
not. Whether procedural imperfections in twin
and adoption studies would be sufficient seri-
ously to weaken their major conclusions is a ques-
tion that can be settled only by further research.

Evidence for genetic factors in alcoholism does
not rest on twin and adoption studies alone.
Evidence of a genetic contribution also may be

found in research into possible markers of genetic
susceptibility and research with animal models
that transmit alcohol-related behaviors to their
offspring.

Animal Studies
The role of genetics in alcohol-related be-

haviors is supported by animal selective breeding
studies that have produced genetic lines differing
in a number of alcohol-related traits. These in-
clude alcohol-preferring (P) and alcohol-non-
preferring (NP)  rats (Li et al. 1981); long-sleep
and short-sleep mice that differ in sensitivity
to alcohol’s hypnotic effects (McClearn and
Kakihana 1981); mouse lines that differ in suscep-
tibility to alcohol withdrawal seizures (Crabbe et
al. 1985); mouse lines that differ in sensitivity to
alcohol-induced hypothermia (Crabbe, Kosobud,
et al. 1987); and mouse lines that differ in sen-
sitivity to alcohol-induced locomotor activation,
a potential animal model of alcohol euphoria
(Crabbe,  Young, et al. 1987).

The P rat line meets all pharmacological
criteria for an animal model of alcoholism (Cicero
1979). I’ rats voluntarily consume and work to ac-
quire alcohol in amounts sufficient to cause in-
toxication even when water and other nutrient
sources are freely available (Li et al. 1979;
Lumeng and Li 1986; Murphy et al. 1986). P rats
have been found to seek higher doses of alcohol
by pressing a lever that delivers it even when
delivery is intragastric rather than oral (Penn et
al. 1978; Wailer et al. 1984). Thus, it appears that
P rats prefer alcohol not for its taste or smell but
for its effects. Because of their propensity to self-
administer alcohol continuously, P rats develop
tolerance to alcohol, both metabolic (Lumeng and
Li 1986) and neuronal (Gatto  et al. 1987a,b),  as
well as physical dependence (Wailer et al. 1982).

Continuing research on P and NP rats has
revealed further contrasts between these lines.
When the blood alcohol concentration (BAC) in
P rats reaches 40 to 75 mg/dL, their physical ac-
tivity level rises (Waller et al. 1986),  but this
stimulation is not seen in NP rats administered
alcohol. The two lines also differ in electro-
encephalograph (EEG)  patterns at this level of
alcohol exposure (Morzorati et al. 1988).
Furthermore, low to moderate doses of alcohol
are reinforcing to P rats but not to NE rats, and it
takes more alcohol to produce aversion in P rats
(Froehlich et al. 1988). Moderate to high doses of
alcohol produce impairment in both lines in a
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shock-avoidance task, but the impairment
diminishes more rapidly during the experimental
session in P rats because of more rapid tolerance
development (Waller et al. 1983). Recently, it has
been shown that alcohol tolerance develops more
rapidly and persists much longer in P rats than in
NP rats (Gatto et al. 1987a,b).

EEG differences have been found by Morzorati
et al. (1988) in brain cortical and hippocampal
areas in P and NE rats in response to low alcohol
doses. Alcohol produced a persistent increase in
EEG power (indicating decreased arousal) in cor-
tical and hippocampal brain areas of NP rats. In
contrast, the P rats showed an initial decrease in
EEG power, then a return to baseline. Because a
decrease in EEG power indicates a more aroused
state, the results suggest that the P rats were
mildly stimulated by the low alcohol dose while
the NP rats were mildly sedated. The findings are
consistent with earlier research (Waller et al.
1986) that found increased spontaneous loco-
motor activity in response to low doses of alcohol
in P rats but not in NP rats.

Neurochemical differences also have been
found in the brains of P and NP rats. The differ-
ences appear to be inborn because they are found
even when the animals never have been exposed
to alcohol. A consistent major difference is
reduced levels of the neurotransmitters serotonin
and dopamine and their derivatives in several
brain regions in P rats (Murphy et al. 1982,1987).
Evidence from pharmacologic studies indicates
that alcohol preference or nonpreference in the
two rat lines may be related to these neurochemi-
cal differences. For example, administration of
fluoxetine, which raises brain serotonin levels in
the synapse by preventing its reuptake by nerve
cells, and GBR-12909, which raises brain
dopamine levels by the same mechanism, have
been found to reduce alcohol consumption in
P rats (Murphy et al. 1985; Murphy et al. 1988).

Alcohol consumption by P rats was also
reduced by trifluoromethylphenylpiperazine
(TFMPP) (Murphy et al. 1988). Because TFMPP is
an agonist (a naturally or synthetically produced
agent that mimics the activity of another sub
stance) for a class of serotonin receptors, the find-
ing further supports the involvement of serotonin
and its receptors in alcohol preference (Murphy
et al. 1988). Recent neuropharmacological studies
suggest that drugs that act upon other neuro-
receptor systems, such as endogenous opioids
(e.g., naloxone) and gamma-aminobutyric acid
(e.g., Ro15-4513),  are also effective in suppressing

voluntary drinking in P rats (Froehlich et al. 1988;
McBride et al. 1988).

Significant findings relevant to the genetics of
alcohol dependence have also come from studies
of inbred mouse lines differing in alcohol
preference or nonpreference. A recent study
(D. Goldman et al. 1987) found evidence that
variation in a single identified gene is associated
with increased alcohol consumption levels in
preferring and nonpreferring inbred mouse
strains. The gene, found on mouse chromo-
some 1, is responsible for the synthesis of a
protein called LTW-4, which is abundant in the
brain, liver, and kidneys of these animals. A cor-
relation was found between the possession of a
variant of this gene and preference for alcohol.
The correlation may indicate that alcohol
preference arises directly from the properties of
this gene and its product; on the other hand, it
may indicate that alcohol preference arises from
the properties of a nearby gene that is closely
linked to the LTW-4  gene. A similar association
between the possession of a variant brain protein
has been suggested in human alcoholics. It has
been reported that a specific variant of the human
brain protein PC-1 Duarte has an increased fre-
quency in populations of alcoholics, as well as in
populations of persons with multiple sclerosis
and depression (Comings 1977); PC-1 Duarte,
however, differs from LTW4  and their respective
functions are unknown. There is also an indica-
tion that Protein III, a protein that plays a critical
role in the functioning of nerve cells, may exist
in a genetically defined variant form in indi-
viduals at heightened risk for alcohol dependence
(Perdahl et al. 1984).

Although animal studies show that alcohol
consumption can be markedly altered by genetic
selection, there is recent evidence that alcohol con-
sumption can be increased even in alcohol-non-
preferring lines by appropriate environmental
manipulations. Recently, Samson et al. (in press)
found that NP rats could be conditioned to self-
administer considerably more alcohol than they
otherwise would. The animals were initiated to al-
cohol by experimental arrangements that used a
sugar solution as a reward for consumption of an
alcohol solution and that did not require restric-
tion of food or water. Thereafter, the conditioned
animals would consume alcohol in concentra-
tions as high as 40 percent and choose alcohol
over water. Although self-administration pro-
duced BACs as high as 110 mg/dL  in the NP rats,
their alcohol intake never approached that of the
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P rats, and their drinking patterns were different.
These findings indicate that environmental
manipulations can increase alcohol intake in this
alcohol-nonpreferring line but the increase is
limited by genetic factors.

In summary, animal lines have been studied
that display not only many of the characteristics
of human alcoholism but also genetic differences
in brain neurochemistry that exist even in alcohol-
naive animals and appear to be related to their in-
herited alcohol-seeking behavior. It is unlikely
that a complex disorder like human alcoholism
(or even alcohol preference in animals) could
ever be fully explained in terms of the action of a
single gene. Nevertheless, the recent evidence of
a strong association between a particular gene
and alcohol preference in mice is significant. The
finding links the propensity of these mice to
drink alcohol to the fundamental unit of in-
heritance in all organisms-the gene. Animal
genetics studies provide additional evidence that
genetic components can exist in human drinking
behavior as well.

Potential Markers
of Susceptibility

An important aspect of genetics research on
alcohol-related behaviors is the study of potential
behavioral, physiological, and biochemical
markers of genetic susceptibility to alcoholism.
As noted by Tabakoff and Hoffman (1988), such
markers may be of two general types: factors that
predispose to alcohol dependence and are di-
rectly involved in its development, and factors
that are not themselves predisposing but are
correlated with those that are.

Begleiter and Porjesz (1988) considered the fol-
lowing to be necessary criteria for the identifica-
tion of a potential biological marker: (1) in the
general population it must be shown that the trait
is stable over time, reliably measurable, geneti-
cally transmitted, infrequent, and able to identify
individuals at risk; (2) in patientsit must be
shown that the trait is common, persists during
symptom remission, occurs among a patient’s
first-degree relatives at a higher frequency than
in the general population, and tends to accom-
pany the illness among relatives who have the
same condition as the patient. The general ap
preach in searching for markers of predisposition
is to compare alcohol-dependent persons with
nonalcoholic control subjects to see if they differ

in particular measurements. If differences are
found, it is always necessary to apply the ap
propriate criteria to establish that they are truly
markers of predisposition (trait markers) and not
a consequence of prolonged alcohol abuse (state
markers).

Electrophysiological Markers

Several developments in biological marker re-
search were described in the Sixth Sped Report,
including identification of certain brain electrical
phenomena in persons at risk of becoming al-
coholics (Pojesz and Begleiter 1979,1985;
Begleiter et al. 1984). In particular, many studies
have focused on the electrical brain wave known
as the P3 component or P3 wave. This brain wave
normally appears during the performance of
cognitive tasks. The strength of the P3 wave is
measured by its amplitude (i.e., height) on an
EEG. (More detailed discussion of the P3 wave
appears in chapter IV.) Reduced amplitude of the
P3 component of the event-related potential was
found in young boys who had never drunk but
were at risk of alcoholism because their fathers
were alcoholic (Begleiter et al. 1984). Similar find-
ings have been reported by other investigators
(O’Connor et al. 1986,1987;  Steinhauer et al. 1987;
Whipple et al. 1988).

More recent research findings in this area have
been somewhat mixed. For example, Polich and
Bloom (1988) reported that they were unable to
replicate their own previous findings (Elmasian
et al. 1982) of differences in the I’3 amplitude in
young men at risk for alcoholism and in control
subjects. The more recent study was closely
similar in design to the first but used a larger
population of subjects and a longer period of ex-
posure to the stimulus that evokes the P3 voltage.
No significant differences in P3 amplitude were
found between groups in the second study; ex-
perimental and control groups exhibited about
the same decrease in P3 amplitude in response to
a stimulus.

Polich and Bloom (1988) tentatively attributed
the positive findings of their first study and the
negative findings of their second to sampling
error caused by the smaller subject groups in the
first study. However, it is conceivable that the use
of college students as subjects in this research
also might have introduced problems. For ex-
ample, it is difficult to assess the presence or
severity of alcoholism in the fathers of college
students since they usually are not accessible to
investigators. It also is possible that, since the
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research employed a college population, the
children of some alcoholic subtypes (e.g., type 2)

socioeconomic status, education, and age and, as

may be significantly underrepresented. Despite
in the previous study, none of the boys, aged 7
to 15, had ever used alcohol or other drugs. Al-

some inconsistent findings across various studies, though there were some differences in the
the investigation of the P3 wave and other brain electrophysiological procedures used in the two
electrical phenomena as potential markers of risk studies, the second yielded the same result as the
for alcoholism continues to be an active area of first: a significantly lower P3 amplitude in the
research. high-risk group.

In a recent study, Porjesz et al. (1987) repli-
cated their previous findings of reduced P3
amplitudes in which abstinent alcoholics were
presented with a task requiring them to dis-
criminate a single designated visual stimulus oc-
curring infrequently in a series of other visual
stimuli occurring frequently (Begleiter et al. 1980;
Porjesz and Begleiter 1982,1985;  Porjesz et al.
19801. A difference between this study and the
earlier ones was that the abstinent alcoholics
were presented with more than one meaningful
visual stimulus in a series of extraneous stimuli.
The meaningful stimuli had equal probabilities of
occurring and were task relevant and motivation-
ally significant (because of a $1 award for timely
pressing of a switch in response to the stimulus
and a $1 “fine” for tardiness). Despite the incen-
tives, the P3 waves evoked by this test had lower
amplitudes in the alcoholics than in the non-
alcoholic control subjects. As with the earlier P3
studies by these investigators, the results suggest
multiple deficits in cortical brain areas involved
in the generation of the P3 wave, particularly in
motivational and cognitive systems involved in
information processing.

In another recent study, Begleiter, Porjesz, and
Bihari  (1987)  tested young alcohol-naive boys to
see if another electrical brain wave, the auditory
brainstem potential (ABP), also might differ in
the sons of alcoholic and nonalcoholic men. The
ABP, a voltage generated in the brainstem in
response to sounds, has previously been shown
to be significantly delayed in abstinent alcoholics
(Begleiter et al. 19791. Although it might be as-
sumed that this deficit is a consequence of
prolonged alcohol abuse, it is conceivable that,
like reduced P3 amplitude, it precedes the
development of alcoholism and thus may be a
marker of predisposition to it. In contrast to the
P3 marker studies, however, Begleiter, Porjesz,
and Bihari (19871 found no differences in ABP
between the sons of alcoholics and the sons of
nonalcoholics. This finding indicates that ABP
deficits in alcoholics are indeed a consequence of
alcoholism (e.g., a state marker).

Electrophysiological studies have also con-
tinued with alcohol-naive boys who are at risk for
alcohol dependence because their fathers are al-
coholic. The finding of Begleiter et al. (1984) that
young boys who had never used alcohol or other
drugs showed significantly reduced P3 ampli-
tudes like those seen in abstinent alcoholics sug-
gests that the trait precedes the development of
alcoholism and might be a genetic marker of
predisposition. Begleiter, Porjesz, Rawlings, and
Eckardt (1987)  recently extended these findings in
a study of young boys whose fathers were judged
to have the severe and highly heritable type 2
(male-limited) alcoholism by criteria derived
from findings in the Stockholm adoption study:
early onset; episodes of hospital treatment for al-
coholism; high recidivism; and a high incidence
of antisocial behaviors such as fighting and traffic
violations leading to arrests and other encounters
with the legal system.

EEG studies also have demonstrated differ-
ences between persons With and without a family
history of alcoholism. Both alcoholics and their
male children have been found to have excessive
beta wave activity in their EEGs compared to non-
alcoholics and children without a family history
of alcoholism (Gabrielli et al. 1982; Pollock et al.
1983). Other studies have found similarities be-
tween twins in the way their bodies respond to
alcohol. Similar EEG and other physiological
responses to alcohol as well as similar alcohol
metabolic patterns have been found (Propping
1977; Martin et al. 1985b;  Vessel 19731. Propping
(1977) for example, found that identical twins
were more similar to each other in EEG responses
to alcohol than were fraternal twins.

Subjective Responses to Alcohol

In this study, high-risk subjects were matched
with low-risk sons of nonalcoholic fathers for

Subjective responses to alcohol also have been
investigated as a possible genetically linked trait
marker. Schuckit (1984b)  found that individuals
with an alcoholic first-degree relative reported
diminished subjective responses to alcohol inges-
tion compared with controls without a family his-
tory of alcoholism. The two groups did not differ
in baseline mood before they received alcohol.
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The results of a recent study by Moss et al.
(1989) also suggest that sons of alcoholic fathers
exhibit mood patterns in the drinking situation
that differ both qualitatively and quantitatively
from those seen in sons of nonalcoholics whether
they consume alcohol or not-that is, these dif-
ferences were observed not only in response to
high and low alcohol doses but also in response
to a placebo beverage. High-risk subjects scored
higher on measures of tension, depression, and
fatigue, independent of the alcohol content of the
beverage they consumed (from high dose to low
dose to placebo), and they reported less per-
ceived intoxication at all three levels of alcohol
exposure.

Feelings of anger were affected very little by al-
cohol dose in the low-risk group, but they were
strongly dose-dependent in the high-risk subjects.
The sons of alcoholics scored significantly higher
on measures of anger than the sons of non-
alcoholics after consuming either placebo or a
low alcohol drink, but a high dose of alcohol
caused much more abatement of angry feelings
in the high-risk group.

These findings do not necessarily point to a
genetic mechanism, although they are consistent
with such a mechanism. The investigators them-
selves considered it more likely that expectancies
about alcohol played a significant role in the ob-
served effects of alcohol on mood in their high-
and low-risk subjects (Moss et al. 1989). (The im-
portance of alcohol expectancies is discussed in
more detail later in this chapter.)

Endocrinologicul  Markers

Several investigators have reported differences
in the endocrine system in persons with and
without a family history of alcoholism. Plasma
levels of the hormones cortisol and prolactin,
which normally increase after alcohol ingestion,
have been found to display different patterns of
elevation in family-history-positive and family-
history-negative individuals. Diminished cortisol
response to alcohol ingestion has been found in
men with a family history of alcoholism (Schuckit
1984a). Schuckit et al. (1983,1987)  also found that
prolactin rose to similar levels after standard
doses of alcohol in male subjects with or without
a family history of alcoholism, but that the levels
dropped more rapidly in men with a positive
family history. However, these findings were not
confirmed in the study by Moss et al. (1989), who
found that differences in prolactin levels between
sons of alcoholic fathers and sons of nonalcoholic

fathers were not statistically significant. Moss et
al. (1989) suggested that the discrepancy could be
due to differences in assay methods for prolactin
in the two laboratories, differences in statistical
methods, and differences in sample size.

Biochemical Markers
Enzyme Markers

Numerous reports have been published on the
enzyme monoamine oxidase (MAO) as a poten-
tial marker of predisposition to alcoholism.
MAO, which is involved in the metabolism of
biogenic amines (a class of chemicals that in-
cludes neurotransmitters), exists in two forms,
designated A and B. Both forms of MAO are
found in the brain, but blood platelets contain
only type B.

Several investigators have reported lower
platelet MAO levels in alcoholics than in controls
(Tabakoff et al. 1988; Faraj et al. 1987; Schuckit et
al. 1982). There also is evidence that a low level
of platelet MAO may be a marker of risk for a
variety of psychiatric disorders in addition to al-
coholism (Rice et al. 1984). Differences in platelet
MAO levels between at-risk groups and control
groups are not sharply demarcated, however;
high individual variability in MAO levels tends
to cause substantial blurring of group differences,
which nevertheless have been found to be statisti-
cally significant.

Another issue is whether the generally lower
level of MAO in alcoholic populations is a conse-
quence of prolonged heavy alcohol consumption
or a genetic trait that precedes the development
of alcoholism. Studies in which rodents were
given alcohol over an extended time period
found little change in brain MAO levels (Wiberg,
Wahlstrom, and Orland 1977; Tabakoff and
boggan  1974),  suggesting that alcohol does not
necessarily reduce MAO. On the other hand,
platelet MAO levels have been shown to rise tran-
siently in human alcoholics when they become
abstinent (Major et al. 1981; W&erg, Gottfries,
and Oreland  1977). This elevation might be due
to increased formation of new platelets, which
are richer in MAO (Tabakoff and Hoffman 1988).

Variability of findings among MAO re-
searchers could, in part, result from failure to
take alcoholism subtypes into account (Tabakoff
and Hoffman 1988). For example, research by von
Knorring et al. (1985) demonstrated significant
differences in MAO levels in type 1 (milieu-
limited) and type 2 (male-limited) alcoholics. Sub
jects  with the severe and highly heritable type 2
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alcoholism had significantly lower platelet MAO
levels than controls or type 1 subjects. More
recent research from the same laboratory (van
Knorring et al. 1987) showed that teenage boys
who abused multiple drugs and had personality
traits consistent with type 2 alcoholism also had
low platelet MAO activity.

Another platelet enzyme, adenylate cyclase
(AC), has recently been investigated as a possible
marker of predisposition to alcoholism. This en-
zyme catalyzes the conversion of adenosine
triphosphate to cyclic adenosine monophosphate
(CAMP),  a compound involved in the regulation
of numerous cellular processes. Tabakoff et al.
(1988) reported that baseline levels of AC were .
the same in the platelets of alcoholics and non-
alcoholics, but that stimulation of additional ac-
tivity by fluoride, guanine derivatives, and other
agents was less effective in the platelets from al-
coholics. This effect was not associated with
smoking, race, other drug use, or duration of al-
cohol problems, which suggests that low respon-
siveness of platelet AC activity to stimulation
might be a genetically influenced characteristic of
alcoholic subjects. Discriminant analysis using al-
cohol inhibition of MAO and fluoride stimulation
of AC as variables correctly classified 75 percent
of alcoholics and 73 percent of controls (Tabakoff
et al. 1988).

Differences in platelet AC activity also were
found in a recent Swedish study comparing male
alcoholics and controls (Hoffman et al. 1989). The
investigators found that stimulation of platelet
AC activity by guanine nucleotide and fluoride
was significantly lower in the alcoholics. This ef-
fect did not appear to be caused by chronic al-
cohol consumption, because the effect was lowest
among alcoholics who had been abstinent
longest-the opposite of what could be expected
if the suppression were caused by chronic alcohol
ingestion. The involvement of hereditary factors
is further suggested by the finding that stimula-
tion of AC activity was lowest in the alcoholics
who had the greatest number of alcoholic first-
degree relatives. Similar findings were obtained
in a study of Japanese alcoholics (Watanabe et al.
1988). Stimulation of platelet AC activity by al-
cohol was lower in alcoholics than in controls,
and the differences still existed 4 weeks after
withdrawal.

Serological Markers
Other proteins have been investigated as

potential markers of predisposition to alcoholism.
For example, the frequency of an antigen, CW3,

part of a group called human leukocyte antigens
(HLA),  has been observed more frequently in al-
coholics than in controls and even more fre-
quently in alcoholics with liver disease (Shigeta  et
al. 1980). A study of 11 serological (blood)
markers in alcoholics (Hill et al. 1975) found a
higher frequency of particular blood group fac-
tors among alcoholics and their firstdegree rela-
tives. The chromosomal locations of the genes for
these factors are known (HLA antigens are on
chromosome 6 and blood group markers are on
chromosome 41, and it is conceivable that future
studies may link risk factors for alcoholism to
specific genes.

Genetically Derived Protective
Fat tars

Genetic research is not limited to the study of
traits associated with increased susceptibility.
There also is considerable scientific interest in fac-
tors that may protect against heavy drinking and
thereby the development of alcohol dependence.
The most notable and best studied phenomenon
is the dysphoric, or flush, reaction to alcohol ob-
served among many individuals, particularly
Asians.

This phenomenon appears to relate to the
presence of particular genetically defined variant
forms of the enzymes of alcohol metabolism, al-
cohol dehydrogenase (ADH) and aldehyde
dehydrogenase (ALDH).  The Sixth Spaid Report
reviewed evidence that an inactive form of
mitochondrial ALDH that is very common in
some Asian populations may explain their lower
prevalence of alcoholism (Agarwal et al. 1981;
Yoshida et al. 1984; Goedde et al. 1983; Goedde
and Agarwal1987).  The inactivity of the variant
ALDH causes tissue acetaldehyde (ACH) levels
sufficient to produce the unpleasant symptoms of
the so-called alcohol flush reaction. The discom-
fort of this reaction may be a deterrent to drink-
ing. Studies have shown that the frequency of the
inactive ALDH is much lower among Japanese al-
coholics than in the general Japanese population
(Harada et al. 1982; Harada et al. 1983; Harada et
al. 1985). Only 2.3 percent of Japanese alcoholics
and 2.8 percent of those with alcoholic liver dis-
ease had the inactive form of ALDH, whereas the
frequency of this enzyme form is 41 percent in
the general population of Japan (Harada et al.
1982; Harada et al. 1983). The genetic absence of
this enzyme constitutes a negative risk factor,
whereas its presence is permissive of heavy
drinking.
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Recently, Crabb et al. (1989) reported their find-
ings on the molecular structure of the inactive
ALDH variant. Their molecular sequencing study
of the enzyme from Japanese donors revealed
that the inactivity of the variant form is due to a
single mutation that has resulted in a substitution
of the amino acid lysine for glutamic acid at posi-
tion 487 of the chain of amino acids comprising
the basic subunit of this enzyme.

Experiments with DNA probes (Crabb et al.
1989) confirmed previous family studies
(Schwitters et al. 1982) that suggested dominance
of the abnormal form over the normal form.
Thus, persons who inherit the mutant gene from
one parent and the normal gene from the other
parent (heterozygous individuals), as well as
those who inherit the mutant gene from both
parents (homozygous individuals), will be defi-
cient in this enzyme activity. Consistent with this
was the finding, from the examination of white
blood cell DNA, that two of the studied in-
dividuals are heterozygous for this gene (that is,
they possess one gene for the inactive form and
one for the active form) yet frequently experience
the alcohol flush reaction.

Although evidence from twin, adoption,
animal, and marker studies strongly supports the
involvement of genetic factors in the develop
ment of alcohol-related behaviors and alcohol de-
pendence, few if any scientists would argue that
heredity alone can explain alcoholism. Psycho-
logical and social factors influence drinking be-
haviors, and the interaction of genetic and
environmental factors contributes to the develop-
ment of alcohol dependence.

Psychological and
Social Processes

The process of becoming dependent has re-
cently become the focus of attention in the search
for psychological and social mechanisms in the
development of alcoholism. Marlatt et al. (1988)
observed that the psychosocial literature on ad-
diction generally identifies three stages in its
development: initiation of alcohol and other drug
use; reinforcement of alcohol and drug use in the
transition to escalated use, tolerance, and depend-
ence; and attempts to overcome the addiction.
The initiation, continuation, and intensification of
drinking are only preconditions for the develop-
ment of alcohol dependence. Relevant behavioral
factors in the progression include changes in the

importance of drinking in one’s life and preoccu-
pation with alcohol use. The essential features of
alcoholism are tolerance (marked by diminishing
responsiveness to alcohol) and dependence
(manifested by signs and symptoms of physical
and psychological distress when alcohol is
withdrawn). Biological factors can increase the
risk of becoming dependent on a drug such as
alcohol, but only in the context of environmental
factors that are themselves predisposing
(Connors and Tarbox  1985).

A number of large studies of initiation
Khassin  1984; Long and Scherll984;  Jessor 1986;
Kaplan 1985; Sadava 1987) have identified several
factors that consistently predict initiation of al-
cohol and drug use and dependency in young
people. They include alcohol and drug use by
peers or parents, delinquency, sociopathy in the
parents, poor self-esteem, social nonconformity,
and stressful life changes. Many intervention
programs aimed at adolescents are intended
to prevent the initiation to drug and alcohol
use. Their success so far has been mixed (see
chapter IX).

Use of alcohol is “social” during the initiation
stage, and for most individuals it never goes
beyond that stage. The factors responsible for
transition from social drinking to greatly inten-
sified drinking are of considerable interest to re-
searchers, because that transition is an obvious
early requirement for the eventual development
of alcohol dependence. Work by several inves-
tigators (Donovan 1988; Galizio and Maisto 1985;
Peele 1985; Wallace 1985; Zinberg 1984) indicates
that factors likely to be involved in intensification
and transition to dependence are the pharma-
cologic effects of alcohol; the psychological state
of the user, especially expectations about al-
cohol’s effects; and characteristics of the setting
in which alcohol is used.

A major feature of alcohol and other drugs is
that they initially produce pleasant effects that
reinforce continued consumption (Barrett 1985;
Hunt 1987a,b).  Reinforcement is widely believed
to play a major role in alcohol abuse and depend-
ence. Although there is much research to be done
in this area, it is known that alcohol produces
reinforcement in at least two ways: by producing
mild euphoria and by reducing anxiety. (Animal
and human research that provides evidence for
both effects is discussed in chapter IV.) The two
effects probably vary from one individual to
another, with one effect acting as the predomi-
nant reinforcer. It is possible that the differences
in alcohol preference observed in genetic strains
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of rats and alcohol craving in those with alcohol
dependence may be due to biological differences
in brain mechanisms that mediate these
euphoriant and anxiolytic effects.

It is often difficult to know whether per-
sonality factors are antecedents or consequences
of alcohol and drug abuse. However, as noted by
Marlatt et al. (1988) and others (e.g., Zucker and
Gomberg 1986),  a history of antisocial behavior
and high levels of depression or low self-esteem
have been found in many studies of alcohol and
other drug abusers (Cox 1985; Nathan 1988;
Tarter, Alterman, and Edwards 1985; Vaillant
1983; Vaillant and Milofsky 1982; Zucker and
Gomberg 1986). Nathan (1988) was skeptical
about personality as a determining factor in al-
cohol and other drug abuse, however, partly on
the grounds that, although many early behaviors
reported to be predictive of later abuse are very
prevalent in the general population, most people
do not become dependent on alcohol or drugs.
In particular, Nathan questioned the predictive
value of early antisocial behavior, arguing that a
large number of abusers have never displayed
antisocial behavior and that many people who
show that behavior early in life do not become
addicts.

Studies of Expectancies

There is evidence that direct pharmacologic
effects alone may not be sufficient for either the
development or the maintenance of alcohol and
drug abuse (Marlatt and Donovan 1981).  Social
learning, in which information about the conse-
quences of behavior is transmitted through obser-
vation of others as well  as through one’s own
experiences (Bandura 19771,  also plays an impor-
tant role. Such nonpharmacologic contributors
include expectations about the direct pharma-
cologic actions as well as expectations about in-
direct effects on behavior and social functioning
(Zinberg 1984; Adesso  1985; Critchlow 1986;
Donovan and Marlatt 1980; M.S. Goldman et al.
1987; Lang and Michalec in press; Oei and Jones
1986).

According to Marlatt and colleagues (Marlatt
in press; Marlatt et al. 1988),  the most notable and
most widely held belief, and therefore expecta-
tion, about alcohol is that it is something of a
“magic elixir” that can enhance social and physical
pleasure, sexual performance and responsive-
ness, power and aggression, and social compe-
tence. The power of expectancy is suggested
by research showing that people can experience

alcohol-like effects when they only think they
have consumed alcohol but have instead
consumed a placebo beverage (Abrams and
Wilson, 1979; Lang et al. 1975; Wilson 1977; also
see reviews by Lang et al. 1983; Marlatt and
Rohsenow 1980).

There is evidence (Christiansen et al. 1982;
Christiansen and Goldman 1983; Christiansen et
al. 1985) that people can acquire expectations
about alcohol long before they take their first
drink and that these early expectancies are strong
predictors of drinking behavior in adolescence as
well as of alcohol dependence in adulthood. In
comparing adolescent alcohol abusers with
demographically similar nonabusing peers,
Brown et al. (1987) found that the alcohol abusers
expected more positive effects from alcohol. A
study by Mann et al. (1987) examined alcohol ex-
pectancies among adolescents at high and low
risk of future alcoholism and found that high-risk
adolescents expected enhanced cognitive and
motor functioning and reduced tension, whereas
low-risk adolescents expected altered social
behavior.

A recent study (Christiansen et al. 1989)
measured alcohol expectancies in seventh- and
eighth-grade children and compared these expec-
tancies with the children’s self-reported drinking
onset and drinking behavior a year later. (This
comparison was a departure from previous
studies in this area, which collected expectancy
and drinking data in adolescents at the same
time.) The investigators found that five of seven
expectancy scores were strongly predictive of in-
itiation, quantity, and frequency of drinking and
associated problems in the adolescents a year
later. Children at highest risk were most likely to
have strong expectancies of social enhancement
and to believe that alcohol improves cognitive
and motor functioning.

Critchlow (1987) studied the relationship be-
tween alcohol-related expectancies and drinking
patterns in samples of both college students and
the general population. Subjects were given a
questionnaire to assess their perceptions of the
likelihood of a variety of possible effects from al-
cohol and the desirability of those effects, as well
as to obtain information about drinking habits. In
both samples, heavier drinkers were found to
have greater expectations of positive conse-
quences of drinking than lighter drinkers and
tended to evaluate all drinking consequences
more positively.

A factor closely related to expectancies about
effects of alcohol is the setting in which it is’
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consumed. Sher (1985),  in a study of male social
drinkers, found that three factors operating both
independently and interactively affected bipolar
mood states (e.g., pleasure-displeasure) and
various bodily sensations. Salient factors were the
pharmacologic effects of alcohol; the expectancies
of social and sexual enhancement, assertiveness,
and relaxation; and whether the alcohol was con-
sumed in a solitary or group setting. Given the
same amount of alcohol, those who drank in a
group setting and had strong expectancies of rein-
forcement from alcohol reported feeling more in-
toxicated immediately after consumption than all
other subjects; these drinkers also differed from
the others by scoring higher on the measure of
pleasure and on several physiological responses.

impairment were not fulfilled, however, possibly
because the subjects were given cognitive tasks
that were not sufficiently challenging, but more
likely because they were not able to recognize
cognitive impairment either in themselves or in
their cosubjects when under the influence of al-
cohol (Roehling and Goldman 1987).

Another recent study (Leigh 1987) suggests
that people’s expectancies about the effects of al-
cohol on themselves and on others are different.
In this study, college respondents and general
population samples revealed an expectation that
alcohol effects of all kinds, but especially socially
unacceptable behaviors, were more likely to be
experienced by others than by themselves.
Respondents also tended to believe that others
were more likely to “feel good” after drinking,
but the self-other differences on this expectation
were small.

It might be supposed that expectancies about
the effects of alcohol would mimic the actual
pharmacologic effects of alcohol. Research indi-
cates, however, that men’s expectations about al-
cohol do not always mimic its pharmacologic
actions. For example, studies measuring penile
changes show that alcohol decreases sexual
arousal in men (Briddell and Wilson 1976),  yet, as
noted by Newlin (19871, there is strong evidence
in the literature that subjects expecting to receive
alcohol display increases in both self-reported
and physiological measures of male sexual
arousal.

In their review, Marlatt et al. (1988) cited
another expectancy about alcohol that may be im-
portant in its abuse, namely the expectation that
alcohol can help in coping with stress or negative
moods. Several studies of alcohol and drug abuse
have posited that individuals are more likely to
use an anxiolytic drug such as alcohol when they
feel unable to cope with problems (Donovan and
Chaney 1985; Litman 1986; Marlatt and Gordon
1985; Rollnick and Heather 1982). Marlatt et al.
(1988) noted that this type of expectancy, though
it appears to have validity, has not been as well
researched as the set of positive expectancies em-
bodied in the “magic elixir” notion.

To test the role of expectancies in a controlled
manner, Newlin and colleagues (Newlin 1985a,b;
1989) have developed an experimental approach
in which subjects are divided into two groups,
one receiving an alcohol placebo and the other
receiving a nonalcoholic beverage that is not pur-
ported to be alcoholic. Thus two conditions are
created: expectation of alcohol but none received,
and no expectation of alcohol and none received.
The design allows an alcohol expectancy effect to
be measured against a control condition in which
alcohol is neither expected nor received. The ex-
pectancy effect measured in these studies was the
heart rate. The pharmacologic action of alcohol
normally accelerates the heart rate, but it was con-
firmed in young college men that alcohol expec-
tancy decreased the heart rate (Newlin 1985a).
This effect, called the antagonistic placebo
response, was not found in women, however. Ex-
pectancy of receiving alcohol increased the heart
rate in women (Newlin 1989)  as alcohol itself
would do.

Many studies have found that alcohol expec- The same experimental design was also used
tancies and drinking behavior are correlated, but in a study of sons of alcoholics (Newlin 1985b)
there have been few studies of how well these ex- to test the hypothesis that they would show a
pectancies match the drinkers’ actual experiences greater antagonistic placebo response than sons
when consuming alcohol. In a study of normal of nonalcoholics. It was confirmed that an alcohol
drinkers in both drinking and nondrinking situa- placebo produced significantly greater reductions
tions, Roehling and Goldman (1987) found that of heart rate in the sons of alcoholics. The reduc-
individual subjects reported after a drinking ses- tions could not be attributed to differences in
sion that their experiences coincided with their ex- baseline heart rate, drinking practices, or per-
pectations of greater relaxation, more fun, and sonality measures. The sons of alcoholics also
sexiness, although they tended to believe that reported feeling more “intoxicated” after consum-
others in the group had more intensive experi- ing the placebo drink than the sons of non-
ences than themselves. Expectancies of cognitive alcoholics, suggesting the possible existence of
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some fundamental differences in the two groups
in ability to perceive drug states.

It must be emphasized that these studies were
performed with the subjects in a relaxed, stress-
free environment. This is important because,
although alcohol normally accelerates the heart
rate through pharmacologic action, it also can
slow the heart rate if the heart is beating faster
than normal because of stress. Alcohol in such
situations apparently slows the heart rate by
alleviating stress, and there is evidence that this
effect may reinforce further drinking.

Alcohol and Stress Reduction
Significant reduction in cardiovascular

response to stress following alcohol administra-
tion is one of the more consistent findings in the
literature on alcohol and stress reduction
0unmings  and Marlatt 1983; Levenson et al.
1980; Sher and Lmenson  1982; Wilson et al. 1980;
Zeichner et al. 1983). Sher and Walitzer (1986)
investigated the alcohol-stress relationship using
both a physiological indicator of stress levels
(heart rate) and a psychological measure of
anxiety. They found, consistent with earlier re-
search, that alcohol reduced both heart rate and
anxiety responses to a stressor. However, in con-
trast to other studies, this investigation found no
evidence that expectancies about alcohol effects
played any role in the stress-reduction responses
observed in subjects who consumed alcohol.

Levenson et al. (1987) tested a hypothesis that
individuals at greater risk for alcoholism tend to
get greater reinforcement from drinking because
they find it more rewarding. The hypothesis was
supported in a comparison of alcohol-induced
stress attenuation in high- and low-risk subjects
in which the effects of a high dose of alcohol on
both physiological (cardiovascular and motor
responses) and self-reported psychological ef-
fects of stress from aversive stimulation were
measured. Although all subjects received the
same amount of alcohol on a body weight basis,
those judged at risk for alcohol dependence (be-
cause they had an alcoholic parent or matched a
personality pattern thought to be associated with
the development of alcoholism) experienced a
smaller response to the stressor  after drinking
than control subjects who had neither risk factor.
The enhanced stress reduction was evident in sub-
jects with either type of alcoholism risk factor,
but no additional stress attenuation was seen in
subjects who had both risk factors. There were no
differences in the responses of male and female
subjects at risk.

Finn and Pihl(1987)  also measured the effects
of alcohol on cardiovascular responses to aver-
sive stimulation. The subjects, all males, were in
three groups: those judged at high risk because
they had alcoholic fathers and a multigeneration
family history of alcoholism, those judged at
moderate risk because there was no alcoholism in
the generation preceding that of their alcoholic
fathers, and those judged at low risk because they
had no family history of alcoholism. Before drink-
ing, the high-risk group was found to have
greater cardiovascular reactivity to the stressor
than the moderate-risk group. After drinking,
however, the high-risk group showed a dramatic
reduction of cardiovascular response to the stres-
sor, while the moderate- and low-risk groups
showed increased reactivity (see fig. 1). The
evidence suggested that the greater baseline
reactivity to stress and the heightened stress-
dampening effect of alcohol in individuals at
high risk of alcoholism may make them more
disposed to use alcohol in adverse situations.

The similar reactivity of the moderate- and
low-risk groups in contrast to the high-risk group
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FIGURE 1. Mean change in heart rate in beats per minute
(BPM) from resting baseline for high-, moderate-, and low-risk
male groups under both no-alcohol and alcohol conditions.
SOURCE: Finn and Pihl 1987. Copyright 1937 by the
American Psychological Association.
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indicated a need to look more closely at the fre-
quency of alcoholism in an alcoholic family his-
tory before judging the risk of alcoholism in any
one family member. In a subsequent study by the
same investigators (Finn and Pihl1988), that repli-
cated the findings of the first, it was concluded
that investigators should ascertain that familial al-
coholism has existed for at least two successive
generations before judging an individual to be at
risk because of family history. The authors ob-
served that the majority of high-risk studies
published have apparently not gone beyond
one generation in describing family history of
alcoholism.

Longitudinal Studies
The association of parental alcoholism with ad-

verse effects in children is well documented. In
reviews of the literature on the impact of parent
al alcoholism on offspring (e.g., El-Cuebaly  and
Offord 1977,1979)  numerous authors have cited
evidence of negative effects at every age level
from prenatal life (the fetal alcohol syndrome and
other alcohol-related birth defects) to adulthood.
Longitudinal studies of the children of alcoholics
have explored childhood factors and their rela-
tionship to the development of alcoholism in
adulthood.

One such study of children (Werner 1986)
focused on factors that allow some offspring of
alcoholics to go through childhood and adoles-
cence without developing any serious problems.
Asian and Polynesian natives of Hawaii having
at least one alcoholic parent and having ex-
perienced alcohol-related family problems as
children were selected for study; control subjects
were from the same cohort of native Hawaiians.
Serious problems at home, school, work, or in the
community had developed by age 18 in 41 per-
cent of the children of alcoholic parents, and 30
percent had records of repeated or serious delin-
quency. A striking contrast was found with
respect to contacts with social services and men-
tal health agencies; 37 percent of the children of
alcoholics had made such contacts during their
teens, compared with only 7 percent of the
children without alcoholic parents.

The frequency of adjustment problems as-
sociated with parental alcoholism was significant
in this study. Nevertheless, nearly 60 percent of
the offspring of alcoholics had not developed
such problems by age 18. Interviews and com-
munity records indicated that the members of the

resilient group did well in school, at work, and in
social life and that they had realistic goals and
expectations for the future (Werner 1986). Further
evaluation of the resilient and nonresilient
children of alcoholics indicated differences in the
two groups in temperament, communication
skills, and locus of control (i.e., the belief as to
whether one’s life is controlled by oneself or by
external factors). Characteristics differentiating
the problem-free offspring of alcoholics from
others included relative intelligence, achievement
orientation, early social skills, responsible and
caring attitude, positive self-concept, and belief in
their own effectiveness. One of the factors that
most strongly influenced outcome in the children
was the presence or absence of alcoholism in the
mother; 25 percent of the nonresilient offspring
had an alcoholic mother, compared with only 3.5
percent of resilient offspring.

A study in Stockholm (Rydelius 1981) fol-
lowed for a 20-year period the health and social
adjustment in children of alcoholic fathers and
control children, all of whom were from families
of lower socioeconomic status. A high frequency
of health, learning, and social problems was
found in the children of alcoholic fathers when
they were first studied (at 4 to 12 years of age)
and 20 years later. At the time of followup, male
children of alcoholics had greater frequency of al-
coholism, drug abuse, mental health problems,
and antisocial behavior than females.

McCord (1988) reevaluated men who, during
their youth, had been interviewed as part of a
treatment program to prevent delinquency in a
high-risk population. Of the men whose fathers
were alcoholic, 47 percent had become alcoholic
by middle age, compared with 25 percent of
those whose fathers were not alcoholic. Three
major factors that differentiated alcoholic from
nonalcoholic sons were found: Alcoholic sons
tended to come from families in which the father
was alcoholic, the mother nevertheless held the
father in high esteem, and the son’s behavior was
beyond the mother’s control. The rate of al-
coholism in men whose mothers expressed high
regard for their alcoholic husbands was nearly
double the rate in men whose mothers did not ex-
press this high regard. McCord noted, however,
that other social and biological factors must be
considered in understanding the development of
alcoholism.

A longitudinal study by Drake and Vaillant
(1988)  sought to identify predictors of alcoholism
and personality disorders in the children of al-
coholics. The study population consisted of males
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who had been evaluated more than three decades
earlier as nondelinquent control subjects in a
study of juvenile delinquency (Glueck and
Glueck 1950,1968). At that time, the subjects
were adolescents living in high-crime areas of
Boston. A review of data gathered when the sub-
jects were adolescents revealed clear differences
between the sons of alcoholics and the sons of
nonalcoholics. The sons of alcoholics had a
greater number of other relatives who were also
alcoholic (24 percent versus 13 percent); were
more often of non-Mediterranean background
(54 percent versus 33 percent); were more likely
to have had poor relationships with their mothers
(34 percent versus 24 percent) as well as with
their alcoholic fathers (58 percent versus 24 per-
cent); and on a variety of measures were more
likely to have had poor adjustment, emotional
problems, low competence in skills appropriate
to their age, and poor physical health. The adoles-
cent adjustment problems were most strongly re-
lated to a single variable: a poor relationship with
the mother.

At the followup, alcohol dependence, diag-
nosed by standard clinical criteria, was more than
twice as high in the children of alcoholics (28 per-
cent versus 12 percent). Analysis revealed that
predictors of eventual alcoholism in the children
of alcoholics included the number of alcoholic
relatives, ethnic@,  and socioeconomic status.
School truancy and behavior problems during
adolescence were predictive in very few cases
(Drake and Vaillant 1988): The investigators
reported that their measures of environmental
disruption and adolescent adjustment were
“remarkably unrelated to subsequent alcoholic
drinking’ (p. 803).  Except for the few subjects
who had displayed behavior problems in school,
no significant correlations were found between
adjustment difficulties in early adolescence and
alcoholism in adulthood. Vaillant and his col-
leagues concluded from their longitudinal studies
of these subjects (Vaillant and Milofsky 1982) that
behavioral traits and symptoms associated with
alcoholism, including antisocial behavior in
childhood, are not causes of alcoholism, and that
genetic factors probably contribute far more to
children’s later risk of alcoholism than psycho-
social factors associated with their growing up
in an alcoholic home.

Zucker and Gomberg (1986) reexamined data
reported by Vaillant and Milofsky (1982) and
came to different conclusions. Zucker and
Gomberg argued that the data of Vaillant and
his colleagues, when analyzed by a different

statistical technique, revealed a substantial rela-
tionship between disturbed adolescence and
adult alcohol problems: Children who became
alcohol dependent as adults had more behavioral
and truancy problems in school, including
childhood antisocial behavior, and were more
likely to have dropped out of high school. A poor
environmental support system and a distant
relationship with the father were more common
among children who later developed alcohol
problems. Zucker and Gomberg also cited several
cross-sectional and longitudinal studies that
found childhood antisocial behavior to be a sig-
nificant antecedent of alcoholism (Gomberg 1982;
Jessor and Jessor 1977; Zucker and Fillmore 1968).

Zucker and Gomberg (1986) observed, how-
ever, that temporal associations among charac-
teristics identified in longitudinal studies do not
define causal factors. Nearly all such studies, they
noted, have compared individuals at only two
points in time, an approach that cannot yield the
kind of information needed to trace causal path-
ways or compare the merits of alternative causal
explanations.

Steinglass (1983)  discussed methodological
problems in family environment studies: In addi-
tion to the problem of one-point followup, lack of
control groups has been a major deficiency. Jacob
and Seilhamer (1987) noted methodological prob-
lems in the literature on the impact of parental
alcoholism on the psychosocial and psychiatric
status of offspring as including overrepresentation
of subjjts with multiple problems from nonintact
families of lower socioeconomic status and over-
reliance on self-report data. In addition to limiting
the ability to generalize findings, design limitations
create uncertainty about the developmental pat-
tems involved in adverse outcomes, as well as
about the nature of family and nonfamily influ-
ences that protect many children of alcoholics from
such outcomes (Jacob and Seilhamer 1987).

,

In summary, many studies have found associa-
tions between adult alcohol dependence and cir-
cumstances of childhood and adolescence. Yet
research to date has been inconclusive about the
specific environmental influences involved, and
causal roles for any particular family environ-
mental factor in the development of alcoholism
remain hypothetical. Nevertheless, some promis-
ing areas of inquiry have been identified. These
include the question of developmental continuity
between social, adjustment, and learning prob-
lems in youth and adult alcoholism; issues of
parenting; and factors that may protect those at
risk from developing alcoholism.
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Generational Trends in
Familial Alcoholism

Evidence that factors other than familial ones
play an important role in the development of al-
coholism has come from a recent study (Reich et
al. 1988). Investigators found that the frequency
of alcohol dependence, especially in alcoholism-
prone families, has been increasing and that the
average age of its onset has been decreasing in
recent decades. This secular trend has been occur-
ring both in the families of alcoholics and in the
general population, suggesting that broad social
factors, not just family genetics or family environ-
ment, are influencing both kinds of families and
increasing the risk of alcoholism.

In the Reich et al. (1988) study, the first-degree
relatives and spouses of females and males diag-
nosed by standard criteria as alcohol dependent
were interviewed to determine familial frequency
of alcohol dependence and age of onset. For com-
parison purposes, a similar examination was
made of data for the general population in the
same area obtained by the Epidemiologic Catch-
ment Area project (Regier et al. 1984).

At first, these findings may seem inconsistent
with indications that overall alcohol consumption
rates and frequency of some alcohol problems in
the United States have been declining in recent
years (see chapter II). Actually, the recent na-
tional declines, although gratifying, are relatively
small, and the curve of total per capita consump-
tion versus time in the past few years resembles
a gently downward sloping plateau, not a
precipice. Furthermore, as noted in this and
several previous Special Reporfs,  a small percent-
age of drinkers consistently account for a highly
disproportionate share of the alcohol consumed
in the United States each year. It is not im-
plausible that drinkers in that category could be
maintaining or even increasing their consump
tion while many others are cutting down.

Perspectives on Gene-
Environment Interaction

The trend of increasing frequency of alcohol The interaction of genetic factors with psycho-
dependence and declining age of onset was most logical and social factors is of fundamental impor-
dramatic when male relatives of alcoholics were tance in understanding the development of
compared by age group to determine what per- alcohol dependence. As humans are shaped by
centage of each age cohort had become alcohol both genes and environment, future research on
dependent by age 20. The analysis showed that in alcoholism is likely to focus increasingly on inter-
male relatives under 26 years old, the percentage active effects and to draw from both biological
who had become alcohol dependent by age 20 and behavioral sciences. In pulling together
was approximately 52 percent, compared with a findings from research in several fields to link
22-percent rate by age 20 in male relatives aged phenomena such as personality, behavior, and
26 to 44, and a less than lO-percent rate by age 20 genetic susceptibility to alcoholism, these models
in male relatives who were age 45 or older. The may stimulate research that can lead to improved
percentage of males who had become alcoholic understanding of the causes of alcoholism. Al-
by age 20 was more than 5 times higher in the though little is known about mechanisms by
youngest age cohort than in the oldest. Striking which genetic predisposition may come to be ex-
trends were also seen in female relatives of al- pressed in behavior, theoretical perspectives
coholics. The percentage of female relatives who (Tarter, Alterman, and Edwards 1985; Zucker
were alcoholic by age 20 was about 18 percent 1986; Zucker and Gomberg 1986; Cloninger 1987)
among those under age 26, compared to less than that link personality traits and the risk of al-
5 percent in older cohorts. coholism offer some possible explanations.

These results suggest that the risk for develop-
ing alcoholism is greater for younger relatives of
alcoholics than for older ones. This study found
similar secular trends in the Epidemiologic Catch-
ment Area data, but the trends were not nearly so
pronounced as in individuals who have a family
history of alcoholism. These changes have oc-
curred too rapidly to be explained by genetic fac-
tors, and the fact that these trends are occurring

In a model proposed by Tarter, Alterman, and
Edwards (1985), temperament provides a link
between gene and environment in risk for al-
coholism among males. Temperament, a con-
stellation of traits involving intensity, speed, and
quality of affective and behavioral responsivity,
is thought to be hereditary in origin and subject
to modification by environmental factors (Allport
1961, cited in Tarter, Alterman, and Edwards

in families with or without a history of al-
coholism invites examination of environmental
factors that could influence both kinds of
families.
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1985). In this theory, temperament trait devia-
tions are said to underlie behavioral factors found
associated with male alcoholism. Specifically, fac-
tors related to level of activity (high), attention
span (diminished), emotional expressivity
(labile), ability to calm following stress (slow),
and sociability (high) that research has suggested
to be characteristic of those vulnerable for alcohol
dependence, are thought to be associated with
neurological deficits in frontal-midbrain function-
ing (Tarter, Alterman, and Edwards 1985).

Implications for treatment and prevention, in
terms of addressing behavioral manifestations as-
sociated with risk are noted. Further, it is sug-
gested that a mismatch between temperament
traits that characterize the child and factors in the
family environment, particularly the parent-child
interaction, may account for findings of associa-
tions between childhood home environment and
later alcoholism, and may also explain the impact
of peer pressure on the drinking decisions of
some youths (Tarter, Alterman, and Edwards
1985). Further, it is proposed that the tempera-
ment perspective may be useful in the identifica-
tion of subtypes of alcohol dependence and in the
delineation of the gene-environment interaction
in the type 2 form (Cloninger 1987). In associating
behavioral manifestations with biological origins
and social influences, this theory characterizes
the development of alcoholism as a “dynamic
confluence of numerous organismic and environ-
mental factors” (Tarter, Alterman, and Edwards
1985, p. 350). The authors note limitations to the
theory, including the need to include females and
to take into account the diversity of the alcoholic
population.

Zucker and Gomberg (1986)  proposed an in-
tegrated theory on the etiology of alcohol depend-
ence that involves biological, psychological, and
social processes operating within a developmen-
tal framework. Given a genetic causal basis, it is
proposed that alcoholism results from a con-
tinuous process in which childhood behavior
problems and childhood environment play sig-
nificant roles. The authors cite relevant childhood
factors that have been identified through re-
search, including antisocial behavior, achieve-
ment deficits, heightened activity level, and
interpersonal difficulties of the child; and marital
friction, parental deviance, and deficient rearing
practices in the family environment.

In this view, the importance of factors that in-
fluence behavior is enhanced or diminished on
the basis of developmental stage; that is, child-
hood behaviors and adult alcoholism represent

a continuous process in which different social,
cultural, and environmental factors are influential
at different points of the life cycle (Zucker and
Gomberg 1986). Thus, four specific classes of fac-
tors-physiological factors and other individual
influences, sociocultural and environmental fac-
tors, familial factors, and peer influences-inter-
act in the development of drinking behaviors
(Zucker 1986). In order to understand the etiol-
ogy of alcoholism fully, however, Zucker (1986)
observed that discontinuities in the develop
mental process (e.g., instability of drinking be-
haviors over time) must also be considered.

Cloninger’s (1987) integrated theory on the
etiology of alcoholism is based on an earlier adop
tion study (Cloninger et al. 1981). Two clinical al-
coholic subtypes that differ in age of onset,
drinking behavior, and personality traits are iden-
tified (see table 1). Originally defined in terms of
patterns of inheritance, type 1 (milieu-limited) in-
volves genetic factors and strong environmental
influences, whereas type 2 (male-limited) is highly
heritable with limited environmental involve-
ment, and is associated with both parental al-
coholism and parental antisocial behavior
(Cloninger et al. 1981). Additional differentiation
has recently been suggested in relation to vul-
nerability for key symptoms related to each type:
psychological dependence on alcohol (i.e., loss of
control) in type 1, and spontaneous alcohol-seeking
(i.e., inability to achieve complete abstinence) in
type 2. Other differentiating drinking variables
include guilt about drinking in type 1, and
drinking-involved aggressivity and law involve-
ment in type 2 (Cloninger 1987).

Furthermore, Cloninger (1987)  proposed three
traits-novelty eking, harm avoidance, and
reward dependence--that together describe sub-
type personalities. According to this perspective,
type 1 involves behaviors consistent with a “pas-
sive dependent” personality, including inflexibility
and contemplative behavior (low novelty seeking),
careful and inhibited behavior (high harm
avoidance), and concern about the feelings and
thoughts of others (high reward dependence); type
2, on the other hand, involves behaviors consistent
with antisocial personality, including impulsivity
and excitability (high novelty seeking), brash and
uninhibited behavior (low harm avoidance), and
distant social relations (low reward dependence)
(Cloninger 1987). Typespecific physiological dif-
ferences related to P3 amplitudes Wgleiter,  Poijesz,
Rawlings,  andEckardt  1987) and platelet MAO
levels (von Knorring et al. 1985,1987) were dis-
cussed earlier in this chapter.
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TABLE 1. Distinguishing characteristics of Iwo types of alcoholism

Type of alcoholism

Characteristic features Type 1 Type  2

Alcohol-related problems

Usual age of onset (years)
Spontaneous alcohol-seeking (inability
to abstain)

Fighting and arrests when drinking
Psychological dependence (loss of control)
Guilt and fear about alcohol dependence

Personality traits

Novelty seeking
Harm avoidance

Reward dependence

Cloninger (1987) noted, however, that the
typology does not represent an absolute differen-
tiation, but rather opposite ends of a spectrum of
characteristics that may be displayed in differing
degrees by individual alcoholics. Given the
heterogeneity of the alcohol-dependent popuia-
tion, the utility of identifying specific subtypes is
clear.

SOURCE: Cloninger 1987. Copyright 1987 by the AAAS.

The systematic study of gene-environment in-
teractions in the etiology of alcoholism has barely
begun. It is encouraging, however, that re-
searchers in the field are beginning to draw on
knowledge from both the biological and the
psychosocial literature on alcohol-related be-
haviors to formulate gene-environment
hypotheses that can be tested.

In science the boundary areas between dis-
ciplines often prove to be rich sources of new
knowledge and dramatic advances in under-
standing. In the future, there doubtless will be
great opportunities for cooperation between
geneticists and environmentalists and exciting
prospects for advances in our understanding of
the causes of alcoholism.

Summary
There is a wealth of evidence that one of the

greatest risk factors for becoming an alcoholic is
to be the son, daughter, or sibling of one. The
familial nature of alcoholism has stimulated a
great deal of research to identify the causes and
mechanisms of the transmission of alcoholism in
families. In general, these investigations focus on

After 25

Infrequent
Infrequent
Frequent
Frequent

Low
High
High

Before 25

Frequent
Frequent
infrequent
infrequent

High
Low
Low

genetics, psychological and social factors, or the
interaction of the two. Research indicates that
both genetics and environment are involved in
the development of alcoholism and alcohol abuse.

A causal role for genetics is supported by
human twin and adoption studies, studies of
selectively bred animal lines that differ geneti-
cally in a number of alcohol-related traits such
as alcohol preference, studies of genetically
controlled physiological and biochemical charac-
teristics that appear to precede the development
of alcoholism in individuals judged to be at risk
because of family history, and studies of genetic
variations in alcohol metabolism that seem to
provide some degree of protection against
alcoholism in certain populations.

Psychological and social factors influence
drinking behaviors, and research is continuing
on the environmental factors involved in the
development of alcohol dependence. These fac-
tors include the pharmacologic effects of alcohol;
the psychological state of the user, especially ex-
pectations about alcohol’s effects; and the charac-
teristics of the setting in which alcohol is used.
Positive expectations about alcohol’s effects ap-
pear to be significantly involved in initiation to
drinking, the continuation and frequency of
drinking, and the reasons for drinking. Several
studies show correlations between alcoholism
and environmental conditions in early life and
adolescence that appear to affect personality
development, particularly in association with
parental alcoholism.

Adoption studies have identified two types of
alcoholism, type 1 (milieu-limited) and type 2
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(male-limited). Milieu-limited alcoholism is in-
fluenced by genetic predisposition and environ-
mental factors. Male-limited alcoholism is highly
heritable and influenced very little by environ-
ment. Three personality traits-novelty seeking,
harm avoidance, and reward dependence-
are thought to distinguish the two types of
alcoholism.

Evidence of the importance of factors other
than familial ones comes from a recent study that
discovered a steady increase in frequency of al-
coholism and a decrease of the age of onset in
comparing different age cohorts. Younger cohorts
had a higher prevalence of alcoholism than older
ones, and they became alcohol dependent earlier.
These secular trends, which are seen in the
general population as well as in the relatives of al-
coholics, suggest that broad social factors are in-
fluencing the risk for alcoholism.

The interaction of genetics and environment is
a fundamentally important issue in the develop-
ment of alcoholism, and future research on al-
coholism will focus increasingly on this
interaction.
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Neumcience

Introduction
Keys to understanding why people abuse al-

cohol and why some become alcohol dependent
lie in neuroscience research. Investigations in this
multidisciplinary field are progressing toward ex-
plaining how the effects of the environment inter-
act with individual genetic makeup to influence
the networks of brain molecules and cells that in
turn determine our behavior. In neuroscience re-
search, methods are becoming available to ex-
plore the mechanisms underlying such complex
biological and behavioral responses as alcohol in-
toxication, reinforcement, tolerance, and depend-
ence. The reinforcing properties of alcohol and its
pharmacologic effects have been considered to
contribute to the generation of pathological drink-
ing behavior. Tolerance (changes in the brain’s
sensitivity to alcohol after repeated use) and
physical dependence (the occurrence of physio-
logical withdrawal symptoms when alcohol in-
take is abruptly terminated) are observed in both
animals and humans after chronic ingestion of
high doses of alcohol. Recent studies have
provided interesting new information about the
neural events that may mediate alcohol intoxi-
cation, and important clues for understanding
alcoholism. Specifically, these studies are pro-
ducing a better understanding of the effects of
alcohol abuse in terms of the “receptive areas” for

alcohol in nerve cell membranes, the multiple
chemical messenger systems involved in mediat-
ing alcohol’s actions, the regions of brain circuitry
that are most vulnerable to alcohol, and the be-
haviors associated with these modifications in
brain chemistry and physiology.

The effects from short-term or acute exposure
to alcohol on the brain are discussed in this chap
ter in the “Acute Effects” section. At low doses,
acute effects may include alterations in mood,
cognition, anxiety level, and motor performance;
at higher doses, alcohol may induce sedation and
anesthesia. The “Chronic Effects” section reviews
the consequences of long-term or chronic ex-
posure to alcohol and discusses recent evidence
about the processes of tolerance and dependence.
Advances in our knowledge of alcohol’s reinforc-
ing properties are discussed in the “Behavioral
Measures” section. In the last section, ‘!Alcohol Ef-
fects on the Human Brain,” new studies showing
the pathological effects of alcohol on the human
brain are reviewed.

Acute Effects of Alcohol
To affect brain chemistry and function, alcohol

molecules cross from the bloodstream into the
brain and interact with brain cell membranes.
Like other cell membranes of the body, brain cell
membranes act as effective barriers between the
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inside and the outside of cells and allow only
selected ions, water, and molecules to enter. Cell
membranes, however, are permeable to alcohol.
Further, cell membranes of the central nervous
system (CNS)  have the additional property of
conducting electrical signals based on the flow of
negatively and positively charged ions across cell
membranes. Brain cell membranes are composed
of lipids, which are arranged in a bilayer with
polar heads facing the outer surfaces and non-
polar fatty acid chains facing inward, and
proteins, which are intercalated in the lipid
matrix and serve as the functional moieties of the
membrane (see fig. 1).

Many drugs, such as the opiates, affect the
brain by interacting with specific protein con-
stituents of brain cell membranes. These proteins
include what are referred to as “receptors,”
which are complex structures with sites to recog-
nize and bind transmitter substances or interact
with particular enzymes, and “channels,” which
are structures that form functional pores in the
membrane through which specific ions can flow.
In contrast to the opiate drugs, alcohol’s actions
on brain cell membranes are less defined. One

long-standing hypothesis, referred to as the
“membrane hypothesis,” proposes that alcohol
acts as a nonspecific membrane perturbant, alter-
ing the physical properties of the lipid com-
ponents of brain cell membranes and changing
membrane “fluidity” (Meyer and Gottlieb 1926;
Chin and Goldstein 1977a).

Research has demonstrated that the membrane
hypothesis may help explain how very high
doses of alcohol act to sedate or anesthetize in-
dividuals (Lyon et al. 1981). For a long time, how-
ever, it was uncertain how alcohol affected the
brain at the lower doses, producing effects such
as euphoria or anxiety reduction. Now, there is
exciting new research demonstrating that these
effects of alcohol may indeed be mediated by
specific receptive areas within the brain cell
membrane. This research shows, for example,
that specific regions of neuronal membranes
show selective sensitivity to even low doses of al-
cohol, suggesting that various membrane-bound
proteins, which are nonetheless dependent on the
immediately surrounding lipids for optimal ac-
tivity, are particularly sensitive to alcohol
(Tabakoff and Hoffman 1987).

Lipid
bilayer

FIGURE 1. Model of nerve cell membrane.
SOURCE: Gallaher 1999. Illustration copyright 1989 by Sally Bensusen.
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Bruin  Processes and Research
Methods

To understand abnormal brain functioning, it
is important first to review current notions of nor-
mal brain activity. Parts of brain cell membrane
that are critical for normal brain function are
those at synapses. Synapses are the contact zones
between two brain cells (neurons) where informa-
tion from one neuron is transmitted to a second,
as illustrated in figure 2. In general, a bioelectrical
signal is first conveyed down the length of a
neuron until it reaches the cell terminal area, a
specialized region where neurotransmitter
molecules are stored. There, with the help of cer-
tain ions the activation of which is sensitive to
the bioelectric signal (for example, the voltage-
sensitive calcium ions), neurotransmitter packets
are mobilized for transport into the synapse. If
the apposed second neuron in the chain recog-
nizes appropriate neurotransmitter molecules by
means of receptors, selective ion channels or en-
zymes can be activated, which, in turn, can lead
to a chain of molecular and cellular events,

FIGURE 2. Typical netie cell.
Provided by Dr. Boris Tabakoff.

including the propagation of information toward
yet a third neuron. There is evidence that alcohol
acts in a dose-dependent manner (that is, within
a physiologically relevant range, the more alcohol
added, the more pronounced the effect is) to af-
fect neuronal excitability at various stages of this
process (Siggins et al. 1987).

A variety of techniques are being used to
study how alcohol affects brain biochemistry and
behavior. The in vivo techniques use humans or
animal models to measure parameters such as
changes in brain electrical activity, levels of
neurotransmitters in certain brain regions, and
responses to alcohol under certain experimental
conditions. One promising approach has been to
record neuronal activity arising in response to al-
cohol in freely moving, unanesthetized animals
with implanted electrodes (Chapin  and
Woodward  19891. This approach eliminates con-
founding factors caused by interactions between
alcohol and anesthetics and makes it possible to
translate alcohol’s actions at the cellular level into
specific behavioral effects. Other in vivo tech-
niques rely on new imaging technologies such as
computerized tomography (CT) and positron-
emission tomography (PET) to examine struc-
tural and metabolic changes in brain activity after
acute or chronic alcohol consumption. These
studies are being performed both in animals
(Marietta et al. 1986; Eckardt, Campbell, et al.
1988) and in humans (e.g., Pfefferbaum et al.
1988). Also, researchers have been using rodent
lines that have been selectively bred with specific
sensitivity to the effects of alcohol, to explore
genetically mediated biochemical correlates of
behavior (Crabbe  1989).

In contrast to the in vivo procedures, in vitro
(literally, in glass) methods involve the use of cel-
lular components and tissues isolated from
humans or animals.

One in vitro technique uses slices of particular
areas of the brain (such as the hippocampus,
which is a structure deep in the temporal lobe) to
study biochemical and physiological effects of al-
cohol. In another in vitro technique, brain cells
are isolated and maintained in specialized cell-
culture fluid media. In cell culture, the effects of
alcohol on the activity of individual ion currents
in selected patches of membrane can be recorded
electrophysiologically (e.g., patch-clamp tech-
niques). Many of the characteristics of nerve cells
in the intact brain are retained in these cultures,
including excitability, ability to link physiologically
with other nerve cells, and ability to synthesize
neurotransmitters.
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In vitro approaches also include the study of
subcellular components of brain cells such as
synaptosomes, which contain only those regions
of the nerve cell apposed to synapses. This
method allows researchers to understand the ef-
fects of alcohol on the nervous system in isolation
from possible confounding systemic factors (Scott
et al. 1986; Acosta et al. 1986).

Because both in vivo and in vitro studies are
each subject to limitations, it is clear that both ap
proaches are needed to obtain a clearer picture of
alcohol’s effects on the CNS.

The GABA Recepfor/Ch/oricfe
Cfmnel Complex

Recently, there has been considerable inter-
est in alcohol’s interactions with gamma-
aminobutyric acid (GABA), the major inhibitory
neurotransmitter of the mammalian brain. GABA-
ergic  activity has been studied in many areas of
the brain that are sensitive to the effects of al-
cohol, including the cortex, striatum, hippocam-
pus, and cerebellum. It has been proposed that
some of the biochemical and behavioral effects of
alcohol may be due to the enhancement of in-
hibitory neurotransmission, probably mediated
by the GABA receptor (Celentano et al. 1988;
Glowa et al. 1989). Some studies (Majewska  1988)
suggest that alcohol affects GABA’s ability to
bind to the receptor complex or to cause changes
in GABA metabolism, two responses that would
provide strong evidence for the role of alcohol in
enhancing GABA neurotransmission (Greenberg
et al. 1984; Hoffman et al. 1987). However, several
studies that have examined GABA activity using
electrophysiological techniques have not been
able to document any effect of alcohol (Mantillas
et al. 1986; Siggins et al. 1987), while several
studies have reported effects (e.g., Nestoros
1980). In addition, it recently has been reported
that neither low nor high doses of alcohol
changed the rate or the net amount of GABA
used in various regions of the brain (e.g., substan-
tia nigra)  relative to control areas, suggesting that
alcohol may not produce changes in the avail-
ability of GABA in presynaptic nerve terminals
(Frye and Fincher 1988).

How, then, might alcohol effect GABA
neurotransmission? The GABA receptor is a
complex protein that has recognition sites for
GABA, barbiturates, and benzodiazepines
(tranquilizers, e.g. Valium) that produce many
effects similar to those of alcohol; indeed, the
GABA receptor is sometimes referred to as the

GABA-benzodiazepine  receptor (Squires 1988). It
has been well established that one type of GABA
receptor, the GABAa receptor, is coupled to the
opening of chloride ion channels (Olsen 1982).
There is now considerable evidence from studies
that have employed electrophysiological record-
ing techniques, as well as from biochemical
studies that have used subcellular brain fractions,
that alcohol may also affect the GABAa receptor
chloride channel, causing a greater influx of this
negatively charged ion into the cell (Allan  and
Harris 1986; Mereu and Gessa 1985; Schwartz et
al. 1986; Mehta and Ticku 1988). Not all electro-
physiological studies, however, have been able to
document alcohol’s effects on GABA-activated
chloride flow (Barker et al. 1987). One recent
study showed that, in isolated cells, there was a
strong correlation between the effects of infusing
a series of alcohols that were graded for their
ability to produce intoxicating effects (including
ethanol, which is present in alcohol beverages)
and their ability to enhance GABA-stimulated
chloride flux (Suzdak et al. 1988). This study
provided additional evidence for some of the
effects of alcohol being mediated by the GABA
receptor system.

Studies suggest that at low concentrations, al-
cohol may exert its effects by potentiating the ef-
fects of GABA-mediated chloride flux. Some
investigators (Suzdak  et al. 1988; Mehta and
Ticku 1988) but not all (Allan  and Harris 1986)
have found that at higher concentrations alcohol
may activate chloride channels directly. Schwartz
et al. (1986) suggested that these alcohol effects
are mediated by means of an alteration in the
lipid-protein microenvironment of the GABA
receptor/chloride channel complex. Another
recent study has suggested that alcohol may af-
fect glycine neurotransmission (another major in-
hibitory neurotransmitter in the brain)
in a similar manner, i.e., through alterations in
glycine-activated chloride channel activity
(Celentano et al. 1988).

One way to demonstrate that a specific
process, such as chloride flux, is responsible for
mediating an effect on the brain, such as alcohol
intoxication, has been to find a chemical sub-
stance that will specifically block that effect.
Over the past few years, a compound called
Ro15-4513, a partial inverse agonist at the GABA-
benzodiazepine receptor, has been shown to
antagonize specific biochemical and behavioral
effects of alcohol (Suzdak,  Glowa, et al. 1986;
Bonetti et al. 1985; Pole 1985; Hoffman et al.
1987). Unlike antagonists, inverse agonists do not
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simply reverse the effects of a pharmacologic
agent, but have the exact opposite effects of that
agent. For instance, Ro15-4513 and similar agents
do not simply block the effects of benzodiazepine
anxiolytics like Valium, but produce anxiety and
stress when given alone. Harris et al. (1988)
reported that both Ro15-4513 and another inverse
agonist, FG 7142, blocked GABA-activated chloride
flux in an isolated mouse brain membrane
preparation. In one recent electrophysiology
experiment, both Ro15-4513 and FG 7142 were
shown to block the depressive effects of alcohol
on the cerebellum, an area of the brain associated
with balance and movement (Palmer et al. 1988).
Thus from biochemical and electrophysiological
studies it appears that Ro15-4513 can be used in
some cases to provide clues about the site of
some of alcohol’s actions, even though it does not
appear able to block all of alcohol’s acute effects.

Alcohol also has been reported to potentiate
certain of the behavioral effects of GABA. In
order to assess whether an antagonist is blocking
behaviorally relevant actions of alcohol, inves-
tigators have used animal models and measured
functions that are normally altered with alcohol
consumption, such as changes in anxiety,
temperature regulation, motor coordination, and
sedation. Using a rat model to study the tension-
relieving actions of alcohol, Koob et al. (1988)
recently reported that at low doses a substance
called isopropylbicyclophosphate, which binds to
the GABA receptor, reversed some of the
anxiolytic effects of alcohol ingestion. This same
group reported that Ro15-4513 blocked some of
alcohol’s anxiolytic and intoxicating properties
(Koob et al. 1989). Lister (1989) demonstrated
some specificity in the behavioral effects of al-
cohol on the GABA-benzodiazepine  receptor by
showing that Ro15-4513 blocked anxiolytic and
exploratory behaviors but did not change the in-
creased locomotor stimulation that is observed
after alcohol administration. Unfortunately,
Ro15-4513 increases anxiety and seizure activity
in the brain and is unlikely to be useful as a clini-
cal agent (Ticku and Kulkarni 1988; Lister and
Nutt 1988).

There has been some suggestion that the
GABA  neurotransmitter-receptor system may be
differentially responsive to the effects of alcohol
in animals that have been genetically bred for
their behavioral responses to alcohol. One line of
genetically bred mice that may be relevant to un-
derstanding the anxiolytic effects of alcohol on
the GABA-benzodiazepine  receptor complex has
been bred based on some animals’ resistance to a

particular benzodiazepine, diazepam; these mice
are referred to as diazepam resistant (DR) and
diazepam sensitive (DS) (Gallaher  et al. 1987). In-
deed, the DS mice were found to be m&e  sensi-
tive to the behavioral effects of alcohol on motor
coordination and also took longer to recover after
intoxication than the DR mice (Gallaher and
Gionet 1988). Genetically bred rat lines also have
been established based on preference for alcohol.
These animals (P rats) voluntarily drink ethanol
solutions, develop tolerance and physical depend-
ence with chronic drinking, and work to obtain
alcohol independently of alcohol’s caloric value,
taste, or smell. Their counterparts, known as non-
preferring (NP) rats, are characterized more by
avoidance of alcohol (for further discussion, see
chapter III). Ro15-4513, and hence the GABA
neurotransmitter system, appeared to affect al-
cohol intake but not food or water intake in both
the P and NP rats, suggesting an association of
GABA with alcohol drinking. However, because
alcohol intake was reduced in both P and NP
strains, it was proposed that a neurotransmitter
system other than GABA (perhaps serotonin) is
involved in establishing or reinforcing preference
for alcohol over water (McBride et al. 1988).

Other studies have been conducted using the
genetically bred, long-sleep (LS) and short-sleep
6s) mouse lines. These mouse lines were devel-
oped after it was found that the LS mice were
more sensitive to even small doses of alcohol
than the SS mice (Crabbe  1989). LS mice also have
been found to be more sensitive than SS mice to
the administration of various GABA-like sub-
stances (Marley, Freund, and Wehner 1988). This
differential response of LS and SS mice has been
attributed to molecular and conformational
differences between the strains in the GABA-
benzodiazepine receptors (Marley, Stinchcomb,
and Wehner 1988).

Many recent biochemical, behavioral, and
genetic studies suggest interactions between al-
cohol and the GABA neurotransmitter and recep-
tor system. Discrepancies between studies on the
effects of alcohol on GABA-mediated chloride
flux point out the need to explore further the
molecular mechanisms underlying the activation,
modulation, and regulation of ion channels; as
with other chemical substances, the effects of al-
cohol may be dependent on the state of the brain
cells at the time of testing (Kaczmarek  and Levitan
1987). Over the past few years, research in this
area appears to be progressing from descriptive
studies of alcohol’s effects on particular neuro-
transmitters, such as GABA, to mechanistic
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studies on how alcohol might be interfering with explain aspects of the impairments seen in fetal al-
normal brain functions. cohol syndrome.

Glutamate, the NMDA Receptor, and
Calcium Channels

A number of exciting findings have been
reported that suggest that another neurotransmitter-
receptor system, the glutamate system and
especially its N-methyl-D-aspartate (NMDA)
receptor, may be mediating many of the acute
effects of alcohol. The activity of glutamate (an
amino acid which appears to be the main ex-
ci tatory neurotransmi tter of the mammalian
brain; Watkins and Olverman 1987) has been
shown to be affected by alcohol (Michaelis et al.
1987). Findings that alcohol inhibits the activity
of glutamate (inhibiting excitation) complement
reports that show alcohol to potentiate the ac-
tivity of GABA (increasing inhibition). Glutamate
produces its excitatory action through at least
three types of receptors, designated kainate,
quisqualate, and NMDA, based on their re-
sponses to these compounds that mimic the
effects of glutamate (Watkins and Olverman
1987). Recent studies showed that alcohol affects
glutamate neurotransmission specifically at the
NMDA receptor (Lovinger et al. 1989; Hoffman
et al. 1989).

A number of reports have shed some light on
how the NMDA receptor functions. Ascher and
Nowak (1986) found that NMDA receptor-gated
channels, when open, are permeable to calcium
ions, as shown in figure 3. It was also found that
NMDA actions are selectively blocked by the
street drug phencyclidine (PCP or “angel dust?)
(Anis et al. 1983). Furthermore, it has been shown
that glycine, an inhibitory neurotransmitter, en-
hances the actions of NMDA (Johnson and
Ascher 1987).

The NMDA receptor has been investigated in
some detail (Foster and Fagg 1984; Mayer and
Westbrook 1987). Relevant to the effects of al-
cohol intoxication, the NMDA receptor is thought
to be involved in memory functions through a
process called “long-term potentiation” (Harris,
Ganong, and Cotman  1984). Long-term potentia-
tion refers to changes in neuronal biochemistry
and physiology that perpetuate brain signals long
after signals evoked through neurotransmission
have decayed. It has been demonstrated that even
moderate amounts of alcohol impair learning and
memory processes that could involve the NMDA
system (Lister et al. 1987). In addition, aberrant ac-
tivation of the NMDA receptor appears to play a
role in hypoxic  damage and epileptiform seizure
activity (Simon et al. 1984; Dingledine et al. 1986;
Kauer et al. 1988). Understanding alcohol’s ac-
tions at the NMDA receptor, then, might help
explain the seizures that often accompany alcohol
withdrawal. Other studies have shown the
importance of the NMDA receptor during brain
cell growth and development (Pearce et al. 1987).
Changes in the normal functioning of the
glutamate-NMDA system then could possibly

Several groups of investigators have reported
on the effects of alcohol on NMDA-receptor ac-
tivity. In an electrophysiological study of hip
pocampal cells in culture, Lovinger et al. (1989)
recently demonstrated the effect of even very
small amounts of alcohol on NMDA ion currents.
First, they were able to show that alcohol reduced
NMDA ion currents in a dose-dependent fashion
(see fig. 4a). Second, they showed that the po-
tency for reducing the NMDA currents by a
series of graded alcohols, including ethanol, was
related to the potency of these alcohols’ intoxicat-
ing effects (see fig. 4b).  These two complementary
results strongly suggest that alcohol’s inhibition
of responses at the NMDA receptor may con-
tribute to the cognitive impairments associated
with intoxication.

In a study using primary cultures of cerebellar
cells, Hoffman et al. (1989) reported that NMDA
stimulated calcium uptake in a dose-dependent
manner and that alcohol strongly blocked the
NMDA-stimulated calcium uptake. Further, it
has also been shown that alcohol administration
will block long-term potentiation induced by cal-
cium in the hippocampal slice (Sinclair and Lo
1986). This study contributes additional evidence
that long-term potentiation might be mediated by
calcium flux at the NMDA receptor.

In several neurotransmitter systems, alcohol
has been shown to alter other cellular processes
by affecting the activity of enzyme systems in-
volved in the generation of “second messengers”
(Rabin and Molinoff 1981; Stenstrom and
Richelson 1982). For example, there is recent
evidence that alcohol may interfere with one
particular second messenger, viz., cyclic guanine
monophosphate (cGMP) at the NMDA receptor.
cGMP is involved in the regulation of cellular
metabolism and its production is stimulated by
NMDA (and glutamate) (Novelli et al. 1987).
Alcohol appears to block NMDA-mediated
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FIGURE 3. Model of N-methyl-D-aspartate receptor.
Provided by Dr. Boris Tabakoff.

cGMP production (Hoffman et al. 1989). Prior
studies had already indicated that intoxicating
doses of alcohol lowered brain cGMP levels
(Hunt et al. 1977) and that this effect was most
pronounced in the cerebellum (Volicer  and
Klosowicz 1979; Ferko et al. 1982). This additional
evidence implicates the NMDA system in cGMP
changes after alcohol ingestion.

Another plausible mechanism is that alcohol
appears to block the ability of glycine to enhance
activity of NMDA-mediated cGMP (Hoffman et
al. 1989). This likelihood is interesting because
both biochemical and electrophysiological experi-
ments have indicated that glycine may play a role
as a co-agonist at the NMDA receptor (Johnson
and Ascher 1987; Kleckner and Dingledine 1988).
Together, these results suggest that the con-
comitant activation of glycine and NMDA recep-
tors, which may reflect the normal pattern of
activation, may be an event that is particularly
sensitive to the presence of alcohol. Although
there have been reports that increases in intracel-
lular calcium levels (which theoretically could be
mediated by NMDA receptor activities) may be
important for modulating the activity of GABA
receptor chloride channels (Inoue et al. 19861,  it
is uncertain at present whether there is an

important mechanistic relationship between
alcohol’s effects on the GABA and glutamate
systems (Hoffman et al. 1989).

An important Second Messenger
System: Cyclic Adenosine
Monophosphate

In searching for molecular mechanisms that
might explain alcohol’s acute effects on the brain,
there has been great interest recently in under-
standing processes that might be common to
several neurotransmitter systems. In this regard,
the adenylate cyclase (AC) system has been
receiving much attention (Bode and Molinoff
1988; Mochly-Rosen et al. 1988; Saito et al. 1987).
AC regulates intracellular levels of cyclic
adenosine monophosphate (CAMP). In addition
to its other actions on intracellular processes,
CAMP also affects the molecular synthesis of
RNA and of proteins in other cell systems, and
thus its proper functioning has important long-
term consequences for cellular well-being.
Studieswith neuroblastoma cell cultures have
shown that alcohol changes the production of
CAMP and prostaglandins (Stenstrom and
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FIGURES 4A and 48.  Relation between the potency of dif-
ferent alcohols for inhibiting the NMDA-activated ion current,
the hydrophobic@ (extent to which alcohols mix with water) of
the alcohols, and the potency of the alcohols for producing in-
toxication. Ethanol is the alcohol present in alcoholic
beverages.

A. Relation between inhibition of NMDA-activated currents
and the membrane buffer partition coefficient (the affinity to
alcohol versus water).

B. Relation between ED3C  for intoxication and the IGsc  values
for inhibition of the NMDA-induced currents by the alcohols.

‘ICW: amount of ethanol required to inhibit the NMDA
response 50 percent.

bNMDA:  N-methyl-D-aspartate.

‘ED3: dose of ethanol that will produce a rating of 3 on the
Majchrowitz intoxication scale.

SOURCE: Lovinger  et al. 1989. Copyright 1989 by the AAAS.

Richelson  1982). Hoffman and Tabakoff 0986)
demonstrated that the effects of alcohol on the
AC system were different from those of other
drugs such as the opiates. As noted in chapter III,
there is evidence that variations in AC may be
a marker for the genetic risk for alcoholism.
Stimulation of AC activity by acute alcohol
administration has been observed in several
peripheral organs (German  and Bitensky 1970;
Uhlemann et al. 1979),  in the brain (Rabin and
Molinoff 1981,1983;  Luthin and Tabakoff 1984;
Saito et al. 1985), and in cultured nerve cells
(Gordon et al. 1986).

Three linked components-the receptor, a
regulatory protein that is guanine-nucleotide de-
pendent and often referred to as a G protein, and
the catalytic unit of AC-contribute to the expres-
sion of AC activity (Stadel  et al. 1982). These com-
ponents are presumed to reside on the inner
leaflet of the brain cell membrane in close
proximity to each other, comprising a coupled
system (see fig. 5). It has been suggested that in
different areas of the brain, alcohol may interfere
with different components of the AC system
(Tabakoff and Hoffman 1987).

Some studies have considered that the re-
ceptors, acting as the recognition sites for
neurotransmitters and other substances that
modulate AC activity, may be the critical site
for alcohol’s effects on the AC system. In the
striatum, an area of the brain that has been impli-
cated in motor and cognitive brain circuitry, the
neurotransmitter dopamine (DA) was reported to
stimulate AC activity at its receptors by interact-
ing with the G protein and the AC catalytic en-
zyme. In these studies, alcohol was shown to
potentiate the effects of DA-stimulated AC ac-
tivity (Rabin and Molinoff 1981; Luthin and
Tabakoff 1984). In the cerebral cortex, the
neurotransmitter norepinephrine, through the ac-
tivation of beta-adrenergic receptors, appears to
have multiple sites of action on the AC complex
(Saito et al. 1985; Rabin and Molinoff 1981;
Tabakoff et al. 1984; Bode and Molinoff 1988).
Alcohol has been shown to alter the ability of
norepinephrine-like substances to bind to cortical
beta-noradrenergic receptors and to activate AC
activity Walverius et al. 1987).

The receptor for adenosine is another site sug-
gested to mediate both acute and chronic effects
of alcohol, through the AC second messenger
system. Using selectively bred LS and SS mice,
Proctor and Dunwiddie (1984) first demonstrated
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FIGURE 5. Model of adenylate cyclase system.
Provided by Dr. Boris Tabakoff.

that LS mice, which are more sensitive to the
sedating and hypothermic effects of alcohol
than SS mice, were similarly more sensitive to
substances that activate the adenosine receptor.
Alcohol was also found to increase adenosine
receptor-stimulated CAMP levels in cloned neural
cell lines (Stenstrom et al. 1985; Gordon et al.
1986). Recent studies exploring the long-term
effects of adenosine-stimulated AC activity at the
adenosine receptor are proving this to be a fertile
area of investigation. Studies have shown that
after long-term exposure to alcohol, cultured
neural cells adapt to the presence of alcohol
and show a reduction in adenosine receptor-
stimulated CAMP levels. After chronic exposure
to ethanol, the cells require alcohol to achieve nor-
mal levels of adenosine receptor-stimulated CAMP.
This process, then, may indicate a form of cellular
“dependence” on alcohol (Diamond et al. 1987).

Activation of the appropriate receptors causes
changes in the regulatory G protein, and these
changes, depending on the specific regulatory
protein involved, may either stimulate or inhibit
AC. Alcohol’s effects on the G proteins are of par-
ticular interest at this time, especially on the
protein known as Gs, which stimulates AC

activity in the presence of guanine nucleotide or
analogous compounds. Another regulatory
protein, Gi, has an inhibitory influence on AC
when the receptor is activated, but this protein
does not appear to play a role in the alcohol-in-
duced alterations in AC activity (Hoffman and
Tabakoff 1986). In a recent study designed to lo-
calize alcohol’s most important actions at the AC
complex, a number of agents were used to block
particular aspects of AC activity (Bode and
Molinoff 1988). The results of this study indicated
that alcohol’s stimulation of AC was due to the
enhanced activation of Gs and/or to the coupling
between Gs and the catalytic component of the
enzyme.

Alcohol also has been shown to po tentiate the
actions of a neuropeptide known as somatostatin
(Mantillas et al. 1986). The actions of somatostatin
also are coupled to activation of a G protein
(Aktories et al. 1983; Reisine et al. 1985). Somato-
statin is found in the hypothalamus; effector sites
are in many areas of the brain including the
striatum, hippocampus, and cortex. The finding
that alcohol potentiates the effects of somatostatin,
possibly through actions on the G protein, may pro-
vide insight into certain aspects of alcohol actions.
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Thus evidence is amassing for a specific action
of alcohol on the AC second messenger system.
Since there is evidence that many different
neurotransmitter-receptor complexes are affected
by acute administration of alcohol, and because
many of these complexes initiate their actions
through the AC system, it is possible that
alcohol’s effects on the AC system will provide
important insights into alcohol’s diverse actions
on the brain.

Monoaminergic Neurotransmitter
Systems

Various neurotransmitters such as dopamines
(DA), serotonin, and norepinephrine, collectively
known as monoaminergic neurotransmitters,
have been found to be affected by acute alcohol
administration. Levels of these neurotransmitters
have been measured in different regions of the rat
brain, including the cerebellum, brainstem,
striatum, frontal cortex, hippocampus, and
hypothalamus and were not found to differ sig-
nificantly between LS and SS mice (Spuhler et al.
1987). In contrast, a number of studies have
demonstrated that the monoaminergic neuro-
transmitter systems may play a role in mediating
alcohol’s effects on appetite and reinforcement
(Samson et al. 1988).

The DA neurotransmitter system is being
studied, and evidence has suggested that in addi-
tion to purported roles in various mental and
movement disorders, DA may mediate the rein-
forcing properties of alcohol. Engel and Liljequist
(19831  showed that low doses of alcohol had a
stimulatory effect on DA neurons. Recently, in a
study involving both in vivo and in vitro tech-
niques, Engel and collaborators found that the
calcium blocker nifedipine prevented the
stimulatory effects of alcohol on both behavior
and DA biochemistry, suggesting that enhance-
ment of calcium flux may mediate alcohol’s ef-
fects on DA neurons (Engel et al. 1988). Reports
that alcohol also potentiates DA-stimulated AC
activity and that it does so by altering the ac-
tivities of the regulatory G protein and the AC
catalytic unit have been discussed above (Rabin
and Molinoff 1981; Luthin and Tabakoff 1984).

In an electrophysiological study, Gessa et al.
(1985) demonstrated that alcohol activates the
firing rate of brain cells containing DA. DA
neurons in certain areas of the brain, specifically
those that innervate (supply nerves to) the limbic
and prefrontal cortex, were especially vulnerable
to alcohol. Alcohol’s specificity for altering only

certain DA pathways was confirmed and ex-
tended by means of a behavioral paradigm in
which brain DA levels in specific brain regions
were measured in freely moving rats using the
transcerebral dialysis technique (Imperato  and
Di Chiara 1986).

More recently, Fadda et al. (1989) have used
selectively bred lines of rats that preferentially
drink alcohol solution rather than water (known
as Sardinian alcohol-preferring, sP, and non-
preferring, sNP1 to explore further the mechan-
ism of alcohol’s effects on the DA system. They
reported that acute alcohol administration
resulted in the modification of DA breakdown
products and did so to a greater degree in the
SP animals. These findings suggested that there
may be a genetic basis for alcohol preference
that may be related to alcohol’s effects on DA
neurotransmission.

Studies examining the acute effects of alcohol
on serotonin have also proven fruitful. Manipula-
tion of brain serotonin has been found to modify
an animal’s alcohol consumption (Hill 1974;
Melchior and Myers 1976). Substances that act by
slowing down the removal of serotonin from its
receptor sites, known as “uptake blockers,” have
been found to reduce the amount of alcohol that
animals and humans choose to ingest (Amit et al.
1984; Lawrin et al. 1986; Murphy et al. 1985). In a
recent study, P and NP rats were used to explore
possible mechanisms underlying alcohol’s effects
on serotonin-mediated processes (Murphy et al.
1988). The investigators used a behavioral
paradigm, comparing voluntary food, water, and
alcohol intake in the rat lines before and after a
serotonin uptake blocker, fluoxetine, was ad-
ministered. Fluoxetine, for the most part, only
reduced P rats’ voluntary alcohol intake as soon
as 1 day after treatment. This result suggested
that alcohol’s effects on serotonin neurotransmis-
sion may be different in different genetic lines.
The effects of blocking this neurotransmission
may be observed acutely (Wang et al. 1985). The
implications of this study, that serotonin uptake
blockers might be useful for controlling behaviors
related to alcohol craving, will be discussed in the
section of this chapter on reinforcement.

Neurohormone and Neuropeptide
Systems

Neuropeptides and neurohormones are sub-
stances that, like the neurotransmitters, affect
synaptic transmission and subsequent behavior.
Their synthesis and mode of operation, however,
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are different from the more classic neurotransmit-
ters. At present, the effects of these substances
that may themselves act as neurotransmitters or
may act by modulating the activity of other
neurotransmitters are being investigated
(Kaczmarek and Levitan  1987).

One neurohormone, the corticotropin-releasing
factor (CRF),  appears to be involved in an arousal
system, activating the sympathetic and central
nervous systems and enhancing the stress
response critical for survival (Koob and Bloom
1985). Using a rat operant conflict paradigm,
Thatcher-Britton and Koob (1986) reported that
low doses of alcohol reversed stress-related
behavioral responses of CRF. This finding
suggested that one mechanism for the tension-
reducing properties of alcohol may involve sup
pressing the brain’s CRF system. In another
study that measured changes in locomotor
activity, Breese et al. (1984) reported that in a
dose-dependent manner, certain depressant and
sedating effects of alcohol can be blocked by
another neuropeptide, thyrotropin-releasing
hormone. Using LS and SS mice, Erwin and Wu
(1989) have recently showed that yet another
neuropeptide, neurotensin, appears to act differ-
entially in LS and SS mice and may be acting
synergistically with alcohol to mediate thermo-
regulation and spontaneous motor behavior.

Other studies have reported on possible inter-
actions of alcohol with the opioid neuropeptides.
Experiments in which rats were given constant in-
fusions of the opiate morphine or injected with
either morphine or benzodiazepines showed that
morphine selectively led rats to increase their
voluntary consumption of alcohol (Hubbell et al.
1988). Studies of alcohol’s effects on the brain’s
neuropeptide systems are providing additional
insight into the behavioral responses observed
after acute exposure to alcohol. The biochemical
mechanisms of the various neuropeptide effects,
including how alcohol may alter intracellular
levels, rates of synthesis, release, or degradation
of neuropeptides, are not yet known.

Alcohol and the Cell Membrane

In addition to recent studies which suggest
that the actions of alcohol may be mediated at
specific protein receptor and second messenger
systems, there is evidence that many of alcohol’s
actions may be explained by the ability of alcohol
molecules to penetrate cell membranes and alter
the physical properties of lipid components of the
membrane bilayer (Meyer 1901; Chin and

Goldstein 1977a; for reviews see Hunt 1985 and
USDHHS 1987). Many of the lipid studies have
employed higher concentrations of alcohol than
those examining alcohol’s actions at receptors
and coupling enzymes. These studies have
focused on the anesthetic-like effects of alcohol,
including sedation and changes in temperature
regulation, rather than on behaviors that are ob-
served after low doses of alcohol consumption,
such as changes in anxiety, locomotor activity,
motor coordination, and cognition. Concurrently,
the effects of anesthetic doses of alcohol on
membrane-bound proteins and channels are
being studied (Dolin et al. 1988).

Some of alcohol’s effects on the various protein
constituents of the cell membrane could possibly
be due to indirect action, resulting from alcohol’s
effects on the lipid bilayer. It has also been sug-
gested that a certain lipid-bilayer fluidity may be
necessary for proteins and other enzyme con-
stituents to function optimally. In addition, ques-
tions remain unanswered concerning whether
alcohol interferes with specific lipid-protein or
protein-protein interactions in the membrane or
whether alcohol may act similarly to solvents, af-
fecting the membrane-water interface and alter-
ing the dielectric constant of the medium (Hoek
and Taraschi 1988).

Alcohol molecules may weaken attractive
forces between lipid molecules in the cell
membrane so that molecules are freer to move
within the bilayer. The membrane would thereby
lose some rigidity and could become less viscous
and more fluid. It has been hypothesized that this
“fluidization” may result in the impaired neural
processing that occurs with acute intoxication
(Chin and Goldstein 1977a).  Greater rigidity in
the membrane after chronic alcohol exposure
might serve as an adaptation to counter the
fluidizing effect (Lyon and Goldstein 1983).
Physicochemical  techniques have been used
to demonstrate that cell membranes do have
some resistance to alcohol-induced disordering
(Rottenberg 1986).

Sensitive methods such as electron paramag-
netic  resonance (EPR).spectrometry  and fluores-
cence polarization spectrometry have been
valuable tools for measuring changes in the physi-
cal properties of membranes exposed to alcohol.
Studies using these techniques have provided
evidence that moderate and high doses of alcohol
can increase the fluidity of ceI1 membrane lipids
significantly (Harris and Schroeder’l981; Chin
and Goldstein 1977a,b). Studies usingEPR  and
fluorescence polarization techniques, however,
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also have shown that high temperatures alone
will produce almost the same kind of membrane-
disordering effect as alcohol exposure, without
concomitant intoxication (Fraser et al. 1957).

Hitzemann et al. (1986),  using the technique of
nuclear magnetic resonance, reported that alcohol
exerts an ordering effect on the membrane sur-
face and a disordering effect in the membrane
interior of rat brain synaptic membranes. The
biochemical and biophysical mechanisms for
these actions are currently being explored (Boggs
1987; Hoek and Taraschi 1988). Using liposomes
(preparations often made from synthetic lipids
that can be used as models), researchers have
demonstrated that the alcohol-induced distur-
bance of the lipid bilayer is not dependent on
membrane symmetry, lateral inhomogeneity
along the membrane, or the presence of mem-
brane components such as proteins or cholesterol
(Waring et al. 1981; Taraschi et al. 1985).

Other reports examining alcohol’s effects on
the lipid properties of membranes in cell culture
have been published. Sun et al. (1987) reported
that incubation of these cells with high doses of
alcohol resulted in enhanced uptake and incor-
poration of polyunsaturated fatty acids into cell
membrane lipids. In cells isolated from rat
cerebral cortex, high doses of alcohol inhibited
arachidonic acid (a fatty acid) incorporation into
phospholipids while enhancing the incorporation
into triacylglycerols, thereby changing the con-
stituency of the lipid bilayer (Lin et al. 1988).

An important question is whether there are
genetic variations in membrane permeability that
could account for individual differences in sen-
sitivity to alcohol. In a study using EPR tech-
niques and membranes from LS and SS mice,
Goldstein et al. (1982) reported that membranes
from the more alcohol-sensitive LS strain were
more sensitive to the fluidizing effects of alcohol
than were membranes from the SS line. However,
when these studies were repeated using fluores-
cence polarization, no differences between the
two lines were found Perlman and Goldstein
1984). Because the fluorescent and EPR probes
monitor different membrane regions, Perlman
and Goldstein suggested that the primary site af-
fected by genetic selection-at least the site that
influences sedation in response to alcohol-is
localized in a restricted area of the brain cell
membrane.

Two developments are likely to influence fu-
ture research on the effects of alcohol on the
membrane’s lipid bilayer: one is the discovery

that gangliosides (carbohydrate-rich molecules
on the surface of cell membranes) may greatly in-
crease the sensitivity of membranes to the disor-
dering effects of alcohol, perhaps by modifying
alcohol’s ability to penetrate membranes (Harris,
Groh, et al. 1984). Another discovery is that
membrane alterations associated with tolerance
may involve only a subset of membrane lipids in-
cluding phosphatidylinositol and phosphatidyl-
serine (Taraschi et al. 1986). In addition, it has
also been discovered that alcohol can combine
chemically with long-chain fatty acids to produce
ethyl esters (Laposata and Lange 1986) and that
these metabolites of alcohol may be more potent
in disordering cell membranes than alcohol itself.

Thus it appears that acute alcohol administra-
tion, especially at anesthetic or sedating doses,
perturbs lipid constituents of brain cell mem-
branes. Genetic variability in the sedating effects
of alcohol has been studied both behaviorally and
electrophysiologically, and correlations are indi-
cated between the neuronal excitability of certain
brain cell groups and behavioral response to high
doses of alcohol. The long-term or chronic effects
of alcohol administration on the lipid bilayer,
which are discussed in the next section of this
chapter, have important consequences for under-
standing the cellular basis for alcohol tolerance
and dependence as well as for understanding
alcohol-related disease processes.

Chronic Effects
of Alcohol

In order to prevent alcohol abuse and the dis-
eases associated with alcohol dependence, it is im-
portant to understand not only the acute actions
of alcohol on networks of brain cells but also the
changes that occur in the brain with continued
alcohol exposure. The underlying question
remains: What are the neural and behavioral
mechanisms that control and regulate alcohol con-
sumption, which lead some individuals to con-
sume alcohol repeatedly and in quantities that
are injurious to themselves or others? To address
these issues, investigators are examining the
molecular, cellular, and behavioral responses
that might perpetuate alcohol drinking.

The processes of tolerance and dependence ap-
pear to be critical to understanding chronic al-
cohol use. Tolerance is the diminished effect of a
drug upon repeated administration (Melchior
and Tabakoff 1981). It is as if, with chronic use,
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the brain learns to resist the presence of some
alcohol so that a higher dose is required to
produce a given effect. Tolerance has been
demonstrated in behavioral studies using
animals and humans, isolated organs, and even
in isolated brain cells. Although alcohol tolerance
may enable an individual to maintain higher
blood alcohol concentrations (BACs) without ap-
pearing intoxicated, the cost of tolerance is that
serious tissue damage can develop in the brain,
liver, pancreas, heart, and immune system.
Tolerance to effects of alcohol is known to occur
not only in the brain but also throughout the
body, where adaptive changes include an in-
creased rate of alcohol metabolism and the abnor-
mal activation of alternate metabolic pathways
(Lieber 1983).

“Physical dependence” is an adaptive state
that manifests itself by intense physical disturb-
ances when a drug or alcohol stops being ad-
ministered, whereas “psychological dependence”
has been used to define a condition in which a
drug or alcohol produces a craving that requires
periodic or continuous administration of the drug
to produce pleasure or to avoid discomfort. Koob
and Bloom (1988) proposed that both physical
and psychological dependence characterize the
addicted state and may be inseparable when one
attempts to identify the molecular and cellular al-
terations associated with chronic alcohol use.

A few studies have portrayed the processes of
tolerance and dependence after chronic alcohol
exposure at the cellular level (Rogers et al. 1979;
Chapin  and Woodward  3989). For example, in
one electrophysiological study of Purkinje cells in
the rat cerebellum, it was demonstrated that after
10 to 14 days of alcohol intoxication, the cells
stopped responding to the same dose of alcohol
(Rogers et al. 1979). When alcohol was with-
drawn, Purkinje cell firing was depressed, but
when alcohol was re-administered, the depres-
sion in cell firing was reversed.

The Mediation and Maintenance
of A/coho/  Tolerance

In the brain, tolerance appears to be a multi-
faceted process with both behavioral and cellular
antecedents. In a number of studies, tolerance to
alcohol has been shown to involve learning.
Using approaches in which changes in behavior
or physiological response are conditioned
through the association of environmental cues
with alcohol administration, investigators have
shown that some forms of tolerance are dependent

on learning (Alkana et al. 1983; Stewart and
Eikelboom 1987). For example, the animal might
display tolerance only in the environment where
the alcohol was initially administered and not in
a novel setting (Crowell  et al. 1981). Other studies
have focused on environmentally independent
factors, studying the development of tolerance
when alcohol is administered covertly, as part of
a liquid diet, or by inhalation techniques (Kalant
et al. 1971; Melchior and Tabakoff 1981). Results
have also suggested that the factors of dose, dura-
tion, and frequency of administration are impor-
tant for determining the characteristics of alcohol
tolerance (Goudie and Demellweek 1986).

In examining the mechanisms of tolerance,
investigators have focused on various neuro-
transmitter, receptor, and second messenger
systems that might be involved. The neuro-
transmitters serotonin and norepinephrine, for
example, have been shown to play a role in
modulating the acquisition of alcohol tolerance
(Grant et al., in press). Le et al. (1981) demon-
stra ted that combined des true tion of norepineph-
rine and serotonin systems completely blocks the
development of tolerance to the hypnotic effect of
alcohol in the rat. Recently, Szabo et al. (1988)
reported that in the mouse, norepinephrine’s role
in tolerance may depend on its interaction with
beta-adrenergic receptors coupled to AC. Experi-
ments in which norepinephrine pathways were
chemically obliterated showed that daily injec-
tions of forskolin (an activator of AC) would
maintain tolerance to the hypnotic effects of
alcohol. It is proposed then that norepinephrine
and the beta-adrenergic receptor system (which,
when stimulated in the presence of alcohol, leads
to an increase in intracellular CAMP levels) are
important for understanding tolerance. The
increase in the intracellular second messenger
systems indeed may act to maintain tolerance.

Certain types of calcium channels may be in-
volved in maintaining tolerance to alcohol. When
nifedipine, a calcium channel antagonist, was ad-
ministered to animals that had been chronically
exposed to alcohol, acquisition of tolerance was
delayed (Wu et al. 1987). It has been demon-
strated that in neuronal  cell lines, CAMP  can
induce the production of. one type of calcium
channel known as dihydroperidine (DHP) sensi-
tive (Miller 1987). On the other hand, calcium
channel blockers have been shown to antagonize
this type of channel activity. Therefore, cAMI’-
induced alterations in calcium channel activity in
the brain might be important for understanding
the mechanisms of tolerance to chronic alcohol use.
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The neuropeptide arginine vasopressin (AVP)
also has been implicated in the expression and
maintenance of alcohol tolerance (Hoffman 1987).
AVP is produced in the neurohypophysis, a part
of the pituitary gland that has a close fundamen-
tal association with the brain. It has been shown
that mice tolerant to the hypothermic and hyp-
notic effects of alcohol remained tolerant after the
discontinuation of treatment if they received injec-
tions of AVP or one of its analogs (Hoffman et al.
1978; Hung et al. 1984). The maintenance of
tolerance by AVP was also demonstrated in
paradigms that examined the learned effects of
tolerance (Mannix et al. 1986). These studies sug-
gest that AVP may be a factor common to both
environment-dependent and environment-
independent tolerance and may represent a com-
mon underlying mechanism (Grant et al. in press).

Hoffman (1982) suggested that the tolerance-
maintaining effect of vasopressin might involve
its interaction with specific brain receptors. In-
deed, AVP receptors have been identified in the
hippocampus and other brain areas that have
been associated with learning and memory
(Audigier and Barberis 1985; Constantini and
Pearlmutter 1984). Szabo et al. (1988)  identified
one class of AVP receptors, the Vl receptors, as
the major site where vasopressin may act to
produce tolerance. This finding was established
by using agents that bind specifically to Vl recep-
tors. Antagonists to the Vl receptors strongly
reduced the ability of vasopressin to maintain al-
cohol tolerance, whereas the Vl agonists were
more effective in maintaining tolerance than
vasopressin itself. Another class of vasopressin
receptors, the V2 receptors, did not appear to
have any role in maintaining tolerance. These
findings support the hypothesis that endogenous
vasopressin, acting at Vl receptors in the brain, is
involved in maintaining tolerance to alcohol. Fur-
thermore, the demonstration that chemical agents
can modify the vasopressin-Vl  interaction opens
the possibility that therapeutic drugs might be
developed to modify alcohol tolerance in humans.

The effects of chronic alcohol ingestion on the
GABA neurotransmitter system also have been in-
vestigated, focusing on changes in metabolism
and electrophysiological processes that may
reflect alcohol tolerance (Suzdak and Paul 1987).
Allan and Harris (1987a)  have reported on the
chronic effects of alcohol in the brain. Their
studies have shown that in neuronal membranes
obtained from animals that have been made
tolerant to the hypnotic effect of alcohol, the

acute stimulatory effect of alcohol on chloride
flux is either reduced or absent.

Similarly, many other biochemical systems
have been shown to become resistant or tolerant
to the effects of alcohol after chronic exposure.
For example, whereas the acute effect of alcohol
at the NMDA receptor is inhibitory, chronic
alcohol ingestion has been shown to result in
adaptive changes leading to increased NMDA-
mediated responsiveness, an action that would
resist alcohol-induced inhibition (Tabakoff et al.
in press). The NMDA receptor is said to be “up
regulated” with chronic alcohol administration,
a term that refers to its increased sensitivity to
agonists. Up-regulation can occur by several
mechanisms, including a proliferation of receptor
sites or ion channels.

Chronic alcohol exposure also might affect
the NMDA receptor system’s contribution to
memory processes through its effects on long-
term potentiation. In acute studies, it was
reported that long-term potentiation might be
mediated through NMDA receptor-activated cal-
cium flux. In a rat model system, chronic alcohol
exposure was found to depress long-term poten-
tiation (Durand and Carlen 1984). In the same
report, it was demonstrated that the depression
of long-term potentiation was partially reversible
following cessation of alcohol intake, a finding
that may explain a similar pattern of memory
impairment and partial recovery in recently
abstinent alcoholics.

In a 1984 study, Harris, Baxter, et al. found that
neuronal membranes obtained from animals after
chronic exposure to alcohol become resistant to
the fluidizing effects of alcohol so that a given
dose of alcohol had less effect. Increased mem-
brane rigidity in the chronically treated animals
may serve as an adaptive response that has been
referred to as membrane tolerance.

In order to further characterize membrane
tolerance, biochemical studies were conducted
using cell membranes of various organs prepared
from animals chronically exposed to alcohol.
These studies have demonstrated that membrane
tolerance can involve resistance to lipid disorder-
ing, a reduced partitioning of hydrophobic
molecules into the membrane, and a resistance to
the hydrolysis of membrane lipids by exogenous
phospholipase A2 (Stubbs  et al. 1988; Beauge et
al. 1988).

The mechanisms by which adaptive changes
occur in membrane lipids after chronic alcohol ex-
posure are being investigated. For example, using



a specialized fluorescent collisional quenching
technique that enabled direct measurement of
various membrane properties, Nie et al. (1989)
demonstrated specific alterations in membrane
phospholipids that could be responsible for
structural modifications in the lipid bilayer in
membranes isolated from rats that were chron-
ically exposed to alcohol. Seeking to determine
which phospholipids were involved in maintain-
ing membrane tolerance, Hoek and Taraschi
(1988) found that in liver membranes, phos-
phatidyl inositol appeared critical to the process,
whereas in brain membrane preparations, phos-
phatidylserine was required.

In addition to studying the differences be-
tween the phospholipids that could account for
membrane tolerance, researchers are looking for
cellular “triggers” that might control membrane
adaptation to alcohol (Aloia et al. 1985; Harris,
Baxter, et al. 1984). Recently, evidence has been
provided in liver membrane preparations that
alcohol’s activation of a membrane-bound en-
zyme called phospholipase C can act on specific
components of membrane phospholipids, en-
abling a cascade of molecular events that may
initiate adaptation (Hoek and Taraschi 1988;
Gies et al. 1988).

The various changes in membrane phospho-
lipids seen after chronic alcohol exposure are
of great interest to alcohol researchers because
phospholipids have been shown to be critical to
the normal functioning of cells. Phospholipids
serve as reservoirs for second messengers such as
inositol, triphosphate, and diacylglycerol, and
hormone precursors such as arachidonic acid.
Moreover, the integrity of phospholipids has
been found to be important for membrane
proteins to function properly (Majerus  et al. 1986).

In summary, tolerance to the effects of alcohol,
although a complicated phenomenon, may in-
volve several neural systems such as the AVP
and AC systems, and several other neurotransmit-
ter systems such as GABA and NMDA have been
shown to modify their activity in response to
chronic alcohol exposure. Chronic exposure to
alcohol also alters properties of membrane
lipid bilayers in the brain.

Alcohol Dependence

The neuronal  systems involved in alcohol
dependence have proven difficult to pinpoint
(Tabakoff and Hoffman 1987),  but exploring the
processes of alcohol withdrawal has provided
some interesting clues to the mechanisms by

which alcohol produces dependence. It is known
that abrupt withdrawal of alcohol after chronic
usage can result in a number of symptoms includ-
ing severe hangover, profound anxiety, tremu-
lousness, severe sympathetic hyperactivity, sleep
disturbances, psychoses, seizures, and even death
(Isabel1 et al. 1955). Some withdrawal signs (e.g.,
sleep disturbances) can persist for months after
cessation of alcohol, a factor that may contribute
to relapse. Studies concerning the mechanisms
underlying seizure production are proving espe-
cially fruitful. Once again, genetically selected
lines of animals have been invaluable for such
studies and it has been possible to breed mice
based on whether they are prone to alcohol
withdrawal seizures (WSP) or resistant (WSR)
(McSwigan  et al. 1984). Changes in lipid fluidity
are unlikely to explain this aspect of alcohol de-
pendence because WSP and WSR mice show
similar lipid alterations after chronic alcohol ex-
posure (Harris, Crabbe, and McSwigan 1984). In
contrast, WSP and WSR mice appear to differ in
various brain proteins (Goldman and Crabbe
19861,  a finding that has suggested further re-
search into the specific proteins involved in al-
cohol dependence.

Some investigators have posited a role for
GABA-ergic  neurons in mediating alcohol de-
pendence and withdrawal phenomena. Cur-
rently, there is some debate about whether
GABA-mediated chloride flux after chronic al-
cohol exposure may be important to this process
(Morrow et al. 1988; Allan and Harris 1987b).
Chronically, alcohol does appear to reduce
GABA-mediated inhibition of brain cells. It also
has been shown that reducing GABA’s  inhibition
can cause convulsive discharges (that is, seizure
activity) in the hippocampus (Miles and Wong
1987). In an attempt to understand the convulsive
phenomena, a number of research groups are in-
vestigating the long-term regulation of GABA
conductance, the GABA receptor, and ion flow
(Inoue  et al. 1986; Ticku 1987; Stelzer et al. 1988;
Ulrichsen et al. 1988). Here, evidence points to
the importance of the CAMP  system and mag-
nesium ions for the normal maintenance of
GABA-ergic  activity and the GABAa receptor.

Recently it has been suggested that the alter-
ations in GABA neurotransmission that result
from chronic alcohol consumption and that may
be causal in the genesis of seizures may be related
to the alterations at the NMDA receptor that also
have been implicated in seizure activity (Stelzer
et al. 1987). In an in vitro study, these inves-
tigators stimulated fibers in the hippocampus
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until they produced NMDA receptor-dependent
seizure discharges. Such NMDA stimulation was
found to reduce GABA-ergic  activity. This may
suggest that the modulation of GABA-ergic  in-
hibition by NMDA receptors may underlie cer-
tain forms of seizures.

The increased NMDA sensitivity after chronic
alcohol exposure could thus contribute to alcohol
withdrawal seizures. For example, if chronic al-
cohol exposure leads to an increase in the number
of NMDA receptors, there would be increased
sensitivity to glutamate and decreased GABA-
ergic activity, and a possible result could be the
increased neural excitability that is characteristic
of alcohol withdrawal. To test this hypothesis,
Tabakoff et al. (in press) conducted a study in
which mice that had been chronically exposed to
alcohol were withdrawn abruptly. When the
NMDA antagonist MU301 was administered,
withdrawal seizure severity was reduced in a
dose-dependent manner, thus providing evi-
dence in favor of this hypothesis. Because the
NMDA receptor is coupled to a calcium channel,
one can consider that intracellular calcium levels
may be a critical element of cellular excitability
and withdrawal seizures. Thus, it is not surpris-
ing that changes in other types of calcium chan-
nels (e.g., voltage-sensitive calcium channels) also
may contribute to alcohol withdrawal seizures.

Chronic alcohol exposure has been shown to
result in an increase in voltage-sensitive calcium
channels both in cultured cells and in the brain
(Messing et al. 1986; Dolin et al. 1987).  Investigat-
ing the molecular basis for the chronic effects of
alcohol on membrane calcium channels using
PC12 cells (a clonal cell line derived from brain
tissue), Messing et al. (1986) found that acute ex-
posure of the cultured cells to alcohol decreased
their uptake of calcium but that prolonged ex-
posure (2-10 days) increased it. The increased cal-
cium uptake after chronic exposure appeared to
be an adaptation to alcohol that involved in-
creased activity of the calcium ion channels.
Agents such as DHP that block certain voltage-
sensitive calcium channels have been shown to
reduce signs of alcohol withdrawal in both
animals (Dolin et al. 19%)  and humans (Koppi et al.
1987). These findings suggest that calcium channel-
blocking agents might be designed to improve the
management of alcohol withdrawal seizures.

The Role of Second Messenger
Systems in Tolerance and
Dependence

Chronic alcohol use appears to alter the func-
tions of several neuronal membrane proteins that
control the levels of intracellular second mes-
sengers (e.g., AC, phospholipase C, and calcium).
In neural cell culture studies, Gordon et al. (1986)
reported that acute alcohol exposure led to
marked increases in receptor-stimulated CAMP
levels and that chronically treated cells appeared
to become both tolerant to alcohol (requiring more
alcohol to maintain normal receptor-stimulated
CAMP levels) and dependent on it (showing
reduced receptor-stimulated CAMP when alcohol
was removed). bode and Molinoff (1988) found
that cultured lymphoma cells exposed acutely to
alcohol showed increased activity in the beta-
adrenergic receptor-coupled AC system and that
chronic exposure reduced activity in the AC sys-
tem. The same phenomena have been shown to
occur in certain brain areas by Valverius et al. (1987).

Diamond et al. (1987) also examined the effects
of alcohol on CAMP production in human al-
coholics. Their studies have examined changes
in CAMP production in lymphocytes, a class of
white blood cells that was found to be similar to
neurons with respect to the presence of adenosine
receptors and the ability of adenosine binding to
increase CAMP. In comparing baseline and recep-
tor-stimulated CAMP levels in alcoholics, normal
subjects, and patients with nonalcoholic liver dis-
ease, the investigators found that lymphocytes
from alcoholics showed a marked reduction in
both their baseline and receptor-stimulated
CAMP levels. The lymphocytes from the al-
coholics also could be distinguished from the
other groups in that they were remarkably re-
sistant to stimulation of CAMP synthesis by the
addition of alcohol to the medium. When lym-
phocytes from alcoholics and control subjects
were grown in cell culture, it was demonstrated
that even after 4 to 6 cell divisions, the lym-
phocytes from alcoholics continued to show ab-
normalities in CAMP production (Nagy et al.
1988).  Another type of cell from the blood of al-
coholics was also shown to be less responsive to
agents that stimulate AC. Tabakoff et al. (1988)
showed that platelet AC activity differences
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could distinguish between alcoholic and control
subjjts. Evidence also has been presented to show
that the differences are due to altered G protein
functions in alcoholics. These groups of inves-
tigators are continuing to examine whether the
reduced levels of CAMP in cells from alcoholics is
due to membrane alterations produced by chronic
alcohol or to preexisting and genetically deter-
mined membrane differences in alcoholics.

The possibility that changes in the regulation of
AC may partly mediate tolerance and dependence
is supported by other recent studies that have
identified a subunit of the AC-regulating G pro-
tein that is strongly affected by chronic alcohol
exposure. It is known that selective changes in
the function of G proteins in the brain can affect
neurotransmission, ion channels (including cal-
cium channels), and CAMP  activity (Grant et al.
in press). Mochly-Rosen et al. (19881 found that
chronic exposure of cultured cells (neuroblastoma-
glioma cells) to alcohol impairs the synthesis of
the alpha subunit of Gs, the protein that normally
stimulates AC activity in the presence of pros-
taglandin El or adenosine. Nhamburo et al.
(1988) found evidence that chronic alcohol ex-
posure also alters the properties of the alpha sub
unit of Gs in cerebral cortical membranes. These
reports, showing specific alterations in G pro-
teins, are provocative because they indicate that
alcohol exposure can affect gene expression and
that alcohol-induced changes in these basic cel-
lular processes may play a role in maintaining
tolerance and dependence.

Behavioral Measures
and Alcohol as a
Reinforcing Substance

Studies examining the behavioral consequences
of alcohol consumption are another important
focus for alcohol research because these conse-

quences  appear to play a major role in determin-
ing whether alcohol abuse and dependency will
develop. To understand the effects of alcohol con-
sumption that lead individuals to seek repeated
exposure to alcohol beverages and to investigate
the brain circuits and processes that mediate
these behaviors, investigators have been studying
the so-called “reinforcing” properties of alcohol.
In general, it is known that an individual will
tend to repeat a behavior either when it is as-
sociated with some pleasant reward, a process
known as positive reinforcement, or when it

makes something aversive seem less unpleasant,
a process known as negative reinforcement.

Research in the area of alcohol reinforcement
has shown that alcohol’s effects are complex and
cannot be explained easily by any one of these
types of reinforcement. For example, alcohol’s
euphoric effects appear to exemplify a case of
positive reinforcement, whereas its anxiolytic ef-
fects appear to exemplify a case of negative rein-
forcement. Considerable progress, however, has
been made recently in understanding alcohol’s
positive and negative reinforcing effects and the
neurobehavioral correlates. Moreover, with the
establishment of genetic lines of rats with a
preference for alcohol, a new animal model of al-
coholism is emerging. Selectively bred mouse
lines also have been developed for studying be-
havioral activation or depression following al-
cohol administration. These behavioral and
genetic research developments often have been
combined with neuropharmacologic techniques
to provide important clues about the brain
mechanisms responsible for excessive drinking.

Brain Stimulation, Conditioning,
and Activity

Research on alcohol reinforcement has in-
cluded animal studies of oral consumption,
intravenous self-administration, and brain
stimulation reward. Several previous methods
employed to initiate and maintain alcohol drink-
ing in laboratory animals were fraught with tech-
nical difficulties. More recently, new procedures
have been developed under which animals either
consume high concentrations of alcohol or per-
form operant responses for alcohol reinforcement
without being deprived of either food or water
(Samson 1987). These procedures involve such
techniques as enhancing the alcohol solutions
with sweet tastes, combining alcohol with other
rewards, giving the animals prior exposure to al-
cohol, or exposing the animals first to higher al-
cohol concentrations than those that will be used
during the experiments (Samson et al. 19881.
These procedures have been shown to produce
reliable and substantial BACs. They demonstrate,
however, the complexities of establishing alcohol
as a reinforcer.

Evidence that alcohol reinforcement arises
from its euphoric properties is shown by studies
in which animals learn to self-stimulate in
response to alcohol, studies known as “brain
stimulation reward” (BSR) studies. In these
studies, rats typically perform operant responses
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(e.g., lever pressing) to deliver brief, low levels of
electrical current to specific brain areas. This pro-
cedure has been used to evaluate the reward
properties of other drugs of abuse (e.g., cocaine
and heroin). The effects of the electrical stimula-
tion and the drug on the brain are believed to
combine to enhance the reward produced by
each. Similarly, alcohol has been found recently
to either enhance response rates or reduce the
amount of electrical current necessary for reward
effects (Lewis and Whelps  1987; Bain and Kometsky
1989; Musgrave et al. 1989).

Further evidence that alcohol reinforcement
arises from its rewarding properties is provided
by recent human studies. Nonalcoholic volun-
teers reported experiencing both euphoria as
well as mildly pleasant states after consuming
moderate doses of alcohol (Lukas and Mendelson
1988; Lukas et al. 1986). These pleasant states
were found during the ascending portion of the
blood alcohol curve and were associated with in-
creases in the production of adrenocorticotropic
hormone (ACTH)  as measured in the plasma, as
well as the increase in brain electrical activity
(specifically alpha activity) as measured by
electroencephalograph (EEG)--recording  the
brain’s spontaneous electrical activity by means
of noninvasive scalp electrodes placed over
specific brain regions. Neither euphoria, ACTH
level, nor alpha EEG was associated with the
descending portion of the blood alcohol curve.
Differentiating responses that occur soon after al-
cohol is administered (during the ascending limb
of the blood alcohol curve) from those that occur
during the descending limb may provide insights
into the interrelationship of alcohol’s effects on
the brain, body, and behavior.

In addition, alcohol is believed to have impor-
tant anxiety-reducing properties. Sober alcoholics
frequently report tension and anxiety reduction
as a desirable consequence of their drinking, al-
though they often fail to experience these effects
after drinking (Nathan and O’Brien 1971).
Anxiolytic effects have also been reported in non-
alcoholic individuals (Cole and Davis 1975). Re-
search on animals indicates that alcohol does
indeed have anxiolytic effects in various conflict
tests (Koob  et al. 1984). Typically in such tests,
alcohol increases the number of punished re-
sponses, viz., the extent to which an animal will
tolerate punishment in the process of working
toward a reward. Considerable interest has been
generated by these effects and the role that the
GABA-benzodiazepine  neurotransmitter receptor
may play in them (Suzdak et al. 1986).

In addition to pleasant responses, alcohol
given acutely can produce unpleasant effects.
Rats given alcohol in conjunction with a novel
taste will avoid the novel taste after such ex-
periences (Baker and Cannon 1982). This “condi-
tioned taste aversion” is believed to be the result
of the animal’s associating the novel taste with
the unpleasant internal reactions produced by the
alcohol. These responses to alcohol are perhaps
important factors in whether certain people drink
and in why many animal species avoid all but the
lowest concentrations of alcohol (Cannon and
Carrel1 1987a,b).

Neurotrunsmitter  Sysfems Sfudies

Considerable research has been devoted to the
role of various neurotransmitter systems in the
reinforcing, anxiolytic, stimulant, and depressant
effects of alcohol. DA has been shown to be as-
sociated with reward and stimulation produced
by alcohol. For example, it was reported that
blockade of DA receptors interferes with oral
self-administration of alcohol in rats (Pfeffer and
Samson 1986). Animals given pimozide, a DA
receptor blocker, responded like animals who
have had the reward removed from the alcohol
they drink. Also, DA release has been shown to
be increased early after administration of low
doses of alcohol in the nucleus accumbens, sug-
gesting that this complex subcortical area of the
forebrain may play a role in mediating rewarding
events (Imperato and Di Chiara 1986). These in-
vestigators also reported that increases in various
measures of activity corresponded with increases
in DA release. In studies with genetically selected
rats, it was demonstrated that preference cor-
responded with enhanced brain DA activity
(Fadda et al. 1989). Other studies have shown
that stimulation of DA release in the brain can
inhibit the depressant effects of alcohol (Menon
et al. 1987).

Serotonin also has been implicated in alcohol
reinforcement, albeit in an opposite way. Sero-
tonin reuptake blockers, which increase the
activity of alcohol in the neuronal synapse, have
been shown to decrease alcohol consumption in
laboratory animals and humans (Naranjo et al.
1986). These effects have been observed at doses
that do not suppress other behavioral function-
ing. The effect of serotonin would, therefore, be
the opposite of DA in its role in alcohol reinforce-
ment: Increased DA is involved with alcohol
reward (increased drinking) and increased
serotonin is associated with decreased alcohol
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reward (decreased drinking). Several recent
studies on the neuropharmacologic differences
between P and NP rat lines indicate that there are
differences in the response of DA, serotonin, and
GABA systems. DA levels are higher and
serotonin levels are lower in P rats in comparison
to NP rats (Wang et al. 1988; Guan and McBride
1988; Murphy et al. 1988).

Other neurotransmitter systems that have been
described in previous sections of this chapter,
such as the GABA-benzodiazepine  receptor, ap-
pear to play a role in the anxiolytic and depres-
sant effects of alcohol. In addition, a role for the
endogenous opioid systems in alcohol consump-
tion has been described. Administration of mor-
phine (an opioid agonist) and diprenorphine (a
mixed agonist-antagonist) has been shown to en-
hance drinking of sweetened alcohol solutions
(Reid et al. 1987). Consistent with these findings,
opioid antagonists like naloxone have been
shown to reduce alcohol consumption.

Promising behavioral research is proceeding
on other neurotransmitter systems as well. For ex-
ample, recent research has demonstrated interac-
tions between alcohol and nicotine and shown
that the effects of nicotine are more potent in LS
than in SS mice (de Fiebre and Collins 1988;
Burch et al. 1988). These findings implicate the
neurotransmitter acetylcholine, and specifically
its nicotinic receptor, in behavioral responses to
chronic alcohol exposure.

Alcohol Effects on the
Human Brain

Although it has long been evident that the
human brain is very susceptible to the acute and
chronic effects of alcohol, the nature of these ef-
fects has been difficult to study in living human
subjects. The accessibility of the human brain for
study has been greatly improved with new com-
puter-aided technologies to “image,” or view,
brain structures and to record brain activity. The
brain scanning techniques that are commonly
used by alcohol researchers, including scanning
by computerized tomography (CT) and magnetic
resonance imaging (MRI),  provide high-quality
static pictures of brain structures. Other imaging
technologies, such as PET and cerebral blood
flow (CBF), provide alcohol researchers with
more dynamic images. In these dynamic studies,
slices through the brain are recorded over a
period of time while radioactive-labeled tracing

compounds highlight the brain’s use of oxygen or
essential nutrients.

To examine brain activity, alcohol researchers
have been using electrophysiological techniques.
Electrophysiological measures of brain activity
have been found to be quite sensitive to various
alcohol effects, including intoxication, tolerance,
withdrawal, and long-term brain dysfunction.
Capitalizing on the close association between
the brain’s bioelectrical and chemical states of
activity, electrophysiological recordings can
provide dynamic representations of brain func-
tion that may be used to detect brain abnor-
malities even when no abnormalities are evident
on CT scans.

The correlation of acute and chronic alcohol
use with specific impairments in cognitive and
psychological functions is also being explored by
alcohol researchers. In particular, recent studies
have been examining the association between
chronic alcohol abuse, loss of brain tissue, and
various neuropsychological impairments.
Neuropsychological studies typically measure
capacities such as language, memory, reasoning,
perception, and other cognitive processes.

Psychological factors associated with alcohol-
ism such as depression, anxiety, and aggression
are also being explored. Recent advances in
understanding the functional, structural, and
neurobehavioral consequences of alcohol use will
be considered in turn.

E/ecffophysiologicu/  Studies
Using EEG technology (see fig. 6), inves-

tigators have demonstrated that alcoholics as
well as first-degree relatives of alcoholics who do
not abuse alcohol, including lZyear_old sons of
alcoholics, can show specific differences from con-
trols in specific brain wave patterns (Gabrielli et
al. 1982). In addition, it has been demonstrated
that the EEGs  of sons of alcoholics reflect greater
sensitivity to challenge doses of alcohol than do
those of control subjects (Pollock  et al. 1983).
These studies are intriguing because they suggest
that alterations in the brain’s electrical activity
might be apparent not only in alcoholics but also
in individuals at risk for developing alcohol
abuse and dependence. Also, these studies pro-
vide evidence that certain measures of brain ac-
tivity might serve as biological markers for
predisposition toward alcoholism (see chapter III).

Many recent studies have used the technique
of event-related potentials (ERP)  to explore the
alterations in the brain’s electrical activity. ERP
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FIGURE 6. Electrodes are placed over specific brain regions on an NIAAA  intramural research program control subject.
Provided by Dr. Boris Tabakoff.

is a technique in which electrical potentials are
recorded noninvasively in response to discrete
visual, auditory, or sensory stimuli. These poten-
tials are presumed to reflect stages of the brain’s
information processing as they occur in various
brain circuits. For example, it has been found that
when subjects are required to discriminate be-
tween stimuli, there is usually a large positive
brain wave that occurs approximately 300 milli-
seconds after the stimulus presentation, which
is referred to as the P3 (or P300)  wave. It has been
proposed that the neural generator for P3 may
originate in the hippocampus, an area of the
brain that has been implicated in various mem-
ory functions (Halgren  et al. 1980; Johnson et al.
1985). To assess differences between individuals’
ERP brain waves, investigators use stimuli that
challenge one of the sensory systems (e.g., vision
or audition) and measure whether there are
delays in the latency to initiate the expected
responses and/or whether there are changes in
the amplitude kke) of the responses. It is interest-
ing that latency, amplitude, and other parameters

of P3 waves have ken reported to be highly
similar between identical twins and siblings
(Polich and Burns 1987; Steinhauer et al. 1987).
This similarity suggests a genetic basis for the
P3 response.

Studies that have recorded ERPs in abstinent
alcoholics while attempting to discriminate be-
tween visual stimuli also have reported delays in
the I’3 response relative to nonalcoholic control
subjects (Porjesz et al. 1987a;  Hill et al. 1988).
Other ERP responses such as the N2 component,
a negative potential occurring approximately
200 milliseconds after a stimulus is presented,
similarly have been found to be affected by
chronic alcohol use (Porjesz et al. 1987b).  Studies
demonstrating that even in abstinent alcoholics
there is a delay in the transmission of information
reveal that there are long-term effects of chronic
alcohol use. When properties of the visual stimuli
are manipulated, e.g., by changing their motiva-
tional relevance or their probability of occur-
rence, abstinent alcoholics were found to display
a unique deficit in the amplitude of the P3
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response but not in its latency (Porjesz et al.
1987a).  Together, these ERP studies suggest that
alcoholics have multiple deficits in processing in-
formation and that these may be mediated by
multiple brain circuits.

In addition to studies that have demonstrated
ERF  impairments in alcoholics, a number of in-
vestigators have recorded ERFs in subjects at risk
for alcoholism (see fig. 7). Some  studies using
visual stimuli have found that offspring of
alcoholic fathers display P3 abnormalities, espe-
cially when the tasks are particularly complex
(Elmasian et al. 1982; Begleiter et al. 1984;
O’Connor et al. 1987). In one recent study requir-
ing offspring of alcoholics and control subjects to
make an auditory discrimination as accurately as
possible (rather than stressing the speed of
response), Begleiter et al. (1987) reported another
P3 anomaly. They found that the rise time of the
P3 wave was decreased in a t-risk boys relative to
their peers (Whipple et al. 1988). In contrast,
some studies that have used less complex
auditory (Polich, Bums, and Bloom 1988) or
visual (Polich, Haier, et al. 1988) discrimination
tasks have shown that P3 brain waves from
youths with a family history of alcoholism could
not be discriminated from those of youths with
no such family history. (For more discussion of
the P3 amplitude, see chapter III.)
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FIGURE 7. Event-related brain potentials from a normal con-
trol subject (NC) and from a subject at high risk for alcoholism
(HR). Peak amplitude is shown to be reduced in the P3 brain
wave of subjects at high risk.
Provided by Dr. Henri Begleiter.

Brain Imaging Sfuciies

Tarter and Edwards (1986) pointed out that the
relationship between chronic alcohol use and
brain anatomical and functional changes is com-
plex and involves many factors. For example, age
and health status can affect brain structure just as
factors such as premorbid intelligence can affect
neuropsychological performance, either exacer-
bating or mitigating the effects of alcohol con-
sumption. In addition, it is important to consider
that some factors that have been associated with
the loss of brain tissue (i.e., atrophy) such as head
trauma, malnutrition, and liver disease, although
commonly associated with chronic alcohol use,
also can occur independent of alcohol use. For ex-
ample, in one recent study, Tarter et al. (19881
demonstrated that many of the brain impair-
ments that are observed in chronic alcoholics are
observed in patients with liver disease who have
no history of alcoholism.

CT studies of the alcoholic brain have consis-
tently demonstrated brain atrophy (Ron 1983;
Wilkinson 1982). Although the findings from dif-
ferent studies vary in some details, chronic al-
cohol use in general has been associated with loss
of brain weight, increased spaces (called “sulci”)
between the convolutions on the brain’s cortical
surface, and enlargement of the cerebral ven-
tricles (cavities in the brain that are usually filled
with a tightly regulated amount of the blood
filtrate known as cerebrospinal fluid).

The most recent CT investigations have been
applying  quantitative and statistical techniques to
the analysis of brain images and controlling for
the effects of age and health status that might
otherwise confound data. In one such study,
Pfefferbaum et al. (1988) demonstrated that al-
coholics had larger ventricles and less brain tissue
than controls; that enlargement of the ventricles
was not apparent in younger alcoholics but be-
came more prominent in older patients; that en-
largement of the sulci was present among
alcoholics of all ages; and that enlargement of
both the sulci and the ventricles was correlated
with the total amount of’alcohol consumed over

Lthe patients’ lifetimeise fig. 8). From their data,
the investigators sug@
sulci even in young ale

ej that finding enlarged

f
olics implies that the

cortex may be less resil ent than other areas of the
brain to the effects of alcohol and may degenerate
first. Another interesting possibility is that some
brain atrophy may precede excessive alcohol con-
sumption. By contrast, the ventricles, which are
affected by multiple factors including nutritional
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FIGURE 8. Brain images of 60-year-old  alcoholic and 68-year-old  control.
Provided by Dr. Adolf Pfefferbaum.

status, appear to become increasingly vulnerable
to the effects of alcohol with increasing age. In re-
lated research investigating the effects of alcohol
on cells from a structurally simpler area of cortex,
the hippocampus, Niesen et al. (1988)  reported
electrophysiological changes in cells from old rats
that were not apparent in younger rats.

Recent studies using MRI imaging have
examined the brain atrophy associated with
Wemicke’s encephalopathy (Chamess and
DeLaPaz  1987). Before the development of MRI
imaging, Wemicke’s encephalopathy (one of the

complications of chronic alcohol use caused by a
nutritional deficit of the vitamin thiamine) often
went undiagnosed unless patients were autop-
sied after death. By quantitative examination of
MRI brain images in patients with Wernicke’s dis-
ease and control populations, Chamess et al.
(1988) demonstrated that in addition to ventric-
ular enlargement, and independent from age ef-
fects, this group of alcoholic patients had a
unique loss of tissue in the area of the brain
known as the mamillary bodies. This finding is
provocative because lesions of the mamillary
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bodies have been associated with the types of cog-
nitive and short-term memory dysfunction that
are often observed in alcoholic patients. (For
more discussion of Wernicke’s disease, see chap
ter V.)

Preliminary studies using PET and CBF
also have been conducted to investigate brain
pathophysiology in alcoholic patients (Chao  and
Foudin 1986; Eckardt, Rohrbaugh, et al. 1988) (see
fig. 8). One PET study found that when compared
with age-matched control subjects, long-term
abstinent alcoholics with documented memory
impairments underused glucose, the brain’s
primary source of energy. In examining which
brain regions were responsible for this decre-
ment, it was found that some patients, specifi-
cally those who displayed more clinical dementia,
showed lower glucose use in the frontal areas of
cortex, whereas other patients underused glucose
more in subcortical areas such as the thalamus
and basal ganglia. In many other neurological
and cognitive function studies, a similar dissocia-
tion between cortical and subcortical dementias
has been used to model the different dementing
illnesses. CBF studies have shown that in al-
coholics who have been medicated, there are also
specific decrements in blood flow that can be cor-
related with the magnitude of chronic alcohol use
(Samson et al. 1986; Risberg and Bergland 1987).
Further research in this exciting new area should
provide insight not only into the consequences of
chronic alcohol use but also in to the brain circuits
and mechanisms responsible for producing
motor and cognitive capacities.

Neuropsychological  Studies

In alcoholics, the assessment of neuropsycho-
logical capacities has proven useful for differen-
tial diagnosis, monitoring improved cognition
with abstinence, and placing patients in appro-
priate treatment programs (Eckardt, Rawlings,
et al. 1988). Neuropsychological assessment has
also been shown to predict posttreatment employ-
ment status (Donovan et al. 1984). In addition,
studies that are able to characterize specific
neuropsychological deficits in alcoholics are use-
ful to other brain scientists investigating brain/
behavior relationships and modeling complex
brain functions such as memory.

The issue of whether there are measurable
alcohol-related cognitive impairments among
nonalcoholic social drinkers appears unresolved
at present (Parsons 1986). The most recent studies
suggest, however, that experimental variables

such as subject selection, determination of drink-
ing status, and the particular neuropsychological
tests used to measure cognition might bias test
results. In a well-controlled study, Emmerson et
al. (1988)  reported no dose-dependent correlation
between alcohol consumption and cognitive
performance.

Alcoholics without clinically apparent neuro-
logical impairments had been thought ‘to exhibit
a characteristic profile of impaired cogniti3ve  func-
tions. In general, a number of studies had’
reported a pattern of deficits in this group of al-
coholics, involving deficiencies in abstract think-
ing and visuospatial problem solving with
relatively intact memory functions (Parsons and
Farr 1981). To some investigators, these.studies
suggested that deficits-in abstraction and
visuospatial problem solving might represent the
earliest manifestations of general cognitive
decline. Other investigators have suggested that
memory problems might occur in a separate sub-
group of alcoholics or that memory functions in-
deed may be compromised when tested
appropriately. To explore the memory deficits
that are observed in alcoholics, the most recent
studies have attempted to apply new theoretical
models, which propose that memory is controlled
and regulated by multiple systems that may be lo-
cated in different brain circuits (Wilkinson and
Poulos 1987; Salmon and Butters 1987; Oscar-
Berman and Ellis 1987; Riege 1987; Lister et al.
1987).

In alcoholics who have entered treatment
programs and been given neuropsychological
tests, it has been reported that 45 percent to 70
percent show specific deficits in problem solv-
ing, abstract thinking, concept shifting, psycho-
motor performance, and difficult memory tasks
(Parsons and Leber 1981; Eckardt and Martin
1986; Tabakoff and Petersen 1988). In the most
severe alcoholics, serious organic cerebral impair-
ment is a common complication, occurring in
about 10 percent of the patients (Horvath  1975).

The diverse signs of severe brain dysfunction
that persist after cessation of alcohol consump-
tion have been conceptualized in terms of-two
organic mental disorders: alcohol amnestic disor-
der, which is commonly referred to as
Korsakoff’s psychosis or WemickeKorsakoff
syndrome, and dementia associated with al-
coholism (Martin et al. 1986; Lishman et al. 1987).
The alcohol amnestic disorder is characterized by
short-term memory impairments and behavioral
changes that occur without clouding of conscious-
ness or general loss of intellectual abilities.
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Dementia associated with alcoholism consists of
a global loss of intellectual abilities and impair-
ment in memory function together with distur-
bances of abstract thinking, judgment, other
higher cortical functions, or personality change
without a clouding of consciousness. It has been
suggested that subcortical lesions that may result
from nutritional (e.g., thiamine) deficits are char-
acteristic of Korsakoff’s, whereas alcoholic
dementia is associated with cortical changes
(Victor and Lauren0  1978; also see chapter V).

The question of whether alcoholics are aware
of their neuropsychological impairments also has
been addressed recently (Shelton and Parsons
1987). The investigators found that compared
with age-matched controls, alcoholics did report
having more problems with memory, language
skills, and perceptual-motor functions and did
perform more poorly than control subjects; how-
ever, there did not appear to be a correlation be-
tween the degrees of perceived and measured
impairment.

Research is proceeding to discover whether the
cognitive impairments in alcoholics are reversible
in those who abstain. Goldman (1986,1987)
reported apparent spontaneous recovery of cogni-
tive function among abstinent alcoholics, a result
that may be due solely to the absence of alcohol
but that also may be due to other changes such as
better nutrition and opportunities for social inter-
action, There are also reports that cognitive train-
ing with remedial mental exercises can facilitate
recovery from impairment.

In addition, CBF studies have demonstrated
improvements in blood flow with abstinence and
treatment (Meyer et al. 1985; Ishikawa et al. 1986).
Recently, Muuronen et al. (1989) reported results
from a longitudinal study in which a group of
alcoholic patients who had received CT scans
and neuropsychological tests were retested after
5 years. Those patients who had been abstinent
had less brain atrophy-both cortical and sub-
cortical-after 5 years than they had at first,
although they had more brain atrophy than did
subjects in an age-matched control group. The
group of abstinent alcoholics showed significant
improvements in visuospatial functioning and
some small improvement in tests of reasoning
and memory.

The reversibility of mental impairment not
only might have an impact on the ability of al-
coholics to participate in treatment programs but
also may provide encouragement for alcoholics to
seek treatment. In addition, understanding the
specific neuropsychological deficits associated

with chronic alcohol use has immediate conse-
quences for treatment programs; that is, patients
may benefit more from intervention programs in
which there is consideration of the patient’s
changing cognitive state during the course of
treatment (NIAAA 19891.

Alcohol and Aggressive Behavior
In both animal and human studies, alcohol,

more than any other drug, has been linked with a
high incidence of violence and aggression (Brain
1986; Miczek 1987). Recent studies have as-
sociated acute or chronic alcohol consumption
with high rates of homicides, suicides, and sexual
assaults (Abel and Zeidenberg 1985; Leonard et
al. 1985). Sociological studies have examined the
contribution of situational, social, and personality
factors to aggressive behavior (e.g., Cherek et al.
19851,  and genetic studies have reported on the as-
sociation of aggressive behavior, antisocial per-
sonality, and predisposition to alcoholism in
individuals at risk (Cloninger  1987). As noted by
Winslow and Miczek (19851,  the effects of alcohol
on aggressive behavior also appear to depend
greatly on such factors as drinking context, cul-
ture, sex, alcohol dose, and experience.

Recent studies in the neurosciences  have
focused on the possible contribution of altera-
tions in serotonin levels to aggressive behavior.
In animals studies, serotonin has been found
to play a role in the regulation of aggression
(Eichelman 1979). In human studies, there also
have been reports linking low levels of a metabo-
lite of serotonin, 5-HIAA,  with aggressive and
suicidal behaviors (reviewed by Asberg  1986).
Regarding alcohol’s association with aggressive
behavior, it has been reported that relatively high
percentages of alcoholics attempt and commit
suicide and that alcoholics have lower levels of
serotonin than age-matched controls (Roy et al.
1987). Linnoila et al. (1983) also reported that
male murderers and attempted murderers have
lower levels of 5-HIAA in their cerebrospinal
fluid than controls. In one study, impulsive of-
fenders who had at some time attempted suicide
were found to have significantly lower 5-HIAA
levels than violent offenders who had never at-
tempted suicide. Results from these and other
related studies led Roy et al. (1987) to suggest
that there may be a subgroup of alcoholics who
have a defect in their central serotonin system.
These individuals may start to abuse alcohol at
an early age and may manifest an antisocial per-
sonality disorder and impulsive violent behavior
toward themselves and others.
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It is noteworthy that dominance and submis-
siveness in monkey groups also have been found
to be associated with neurochemical and en-
docrine factors. For example, serotonin and its
metabolite 5-HIAA are found at higher levels in
dominant monkeys than in submissive ones
(Raleigh et al. 1983). High testosterone levels, as
well, have been consistently associated with
dominance in several species of monkeys (Rose
et al. 1971; Bernstein et al. 1983; Steklis et al.
1982; Coe et al. 1983).

The possibility of a link between testosterone
levels and the ability of alcohol to increase aggres-
sion was strengthened in a recent study by
Winslow et al. (1988) in which the interactions be-
tween alcohol, testosterone levels, and aggressive
behavior were examined in squirrel monkeys. Ad-
ministering testosterone for several weeks caused
no increase in the baseline aggressiveness of
dominant monkeys, al though their aggressive-
ness was increased by low doses of alcohol.
Submissive monkeys similarly treated with
testosterone, however, did become aggressive
when given low doses of alcohol. Because a pre-
vious study from the same laboratory (Winslow
and Miczek 1985) had shown that alcohol alone
at any dose did not trigger aggressiveness in the
submissive monkeys, it is likely that testosterone
administration in the recent study mediated this
effect. These findings suggest that testosterone
may activate alcohol-sensitive brain mechanisms
involved in aggressive behavior.

Summary
Neuroscience research on alcohol abuse and

dependency is progressing rapidly with investiga-
tions attempting to uncover the molecular, cel-
lular, and behavioral bases for alcohol’s actions
on the brain. In particular, there is sufficient
evidence that doses of alcohol that are typical
of those commonly consumed affect specific
proteins along brain cell membranes. This finding
is in contrast with previous research based on
studies that used higher doses of alcohol, which
concluded that alcohol acts as a general mem-
brane perturbant, affecting the brain primarily
by altering the membrane lipid bilayer.

The proteins that have been of interest to al-
cohol researchers are involved in the function of a
number of neurotransmitters, such as GABA,
glycine, and glutamate, particularly with its
NMDA receptor. Research on the NMDA recep-
tor has been especially encouraging because a

number of activities regulated or controlled at
this receptor are known to be altered by alcohol
consumption, including memory, seizure
threshold, and cell growth during fetal develop-
ment. Other proteins that have been of interest to
alcohol researchers are those that control the
opening and closing of ion channels; recent
studies have demonstrated how chloride and cal-
cium channels in particular are affected by al-
cohol use. It has long been established that
substances that affect the normal flow of these
ions across the cell membrane to even a small de-
gree can seriously compromise brain cell activity.

In addition, studies have demonstrated that
both acute and chronic administration of alcohol
alters the activities of second messenger systems.
The activities of the second messengers are fun-
damental to cellular well-being. The effects of al-
cohol on one such second messenger system, the
AC system, have received much attention be-
cause it has been found that one of the AC
system’s subunits, the G protein subunit, is espe-
cially vulnerable to alcohol.

Chronic alcohol use can lead to the states of
tolerance and dependence. Alcohol researchers
have found that certain neurohonnones such as
vasopressin may play a critical role in maintain-
ing tolerance and that other neurotransmitters,
receptors, and ions such as calcium may play a
role in mediating tolerance to alcohol. Once
again, the chronic effects of alcohol on the ac-
tivity of the second messenger AC have provided
a lead toward uncovering the mechanisms under-
lying these states.

Tolerance to the effects of alcohol, although a
complicated phenomenon, is being unraveled by
alcohol investigators. Several neural systems,
such as the AVP and AC systems, have been
shown to play a role in mediating and maintain-
ing tolerance, and several other neurotransmitter
systems such as GABA  and NMDA have been
shown to modify their activity in response to
chronic alcohol exposure. Chronic exposure to al-
cohol also alters properties of membrane lipid
bilayers in the brain as well as in other tissues
that may significantly change a host of lipid and
protein-regulated functions.

Learned responses to alcohol (i.e., alcohol
acting as a reinforcing stimulus) can act to per-
petuate drinking behavior in some individuals.
Genetically bred rodent lines have been devel-
oped that show alcohol preference and that may
serve as an animal model for alcoholism.

Studies investigating the effects of alcohol
on the human brain have been made possible
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because of new noninvasive techniques for
recording brain activity such as ERF, CT scan-
ning, PET, and CBF studies. Electrophysiological
studies (EEG recordings) have shown that sons of
alcoholics have greater sensitivity to challenge
doses of alcohol than controls do. These studies
are intriguing because they suggest that altera-
tions in the brain’s electrical activity might serve
as biological markers for predisposition toward
alcoholism. Measurement of the P3 brain wave
(a brain wave that occurs in certain cognitive
functions) has shown that nondrinking offspring
of alcoholic fathers display P3 abnormalities.
Further research will be necessary to characterize
the specific alterations in the brain’s electrical
activity that might predispose some individuals
to alcoholism.

In conjunction with those studies, neuropsycho-
logical studies have been able to document that
there can be some reversal of the cognitive losses
and structural damage in those alcoholics who
abstain from drink. Together, the basic animal
studies and the clinical research have pointed the
way for exciting breakthroughs in the next
decade of neuroscience research on alcoholism.
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n Chapter V

Medical Consequences

Introduction
i Alcohol affects almost every organ system in

the body either directly or indirectly. However,
there are differing levels of susceptibility to medi-
cal consequences of alcohol consumption. Some
people may be more predisposed, for either
genetic or other reasons, to develop adverse medi-
cal consequences from alcohol use. Moreover,
there appear to be relationships between amount,
duration, and pattern (sporadic vs. continuous) of
alcohol consumption and the development of
medical consequences, although these relation-
ships at present are not completely clear. In addi-
tion, factors other than alcohol consumption itself
can contribute to the adverse effects of heavy
alcohol use.

Alcohol-Induced Liver
Disorders

The liver, the primary site of alcohol metabo-
lism, can be severely affected by heavy alcohol
use (see fig. 1).

Alcohol-induced liver damage is grouped under
three major headings: (1) fatty liver, (2) alcoholic
hepatitis, and (3) cirrhosis. Histologic evidence of
all three can be found simultaneously in the same
patient (Maddrey 1988). These disorders were

once thought to be invariably progressive stages
of alcohol-induced liver injury, but the results
from human and animal studies now suggest
that cirrhosis may develop in the absence of
any evidence of prior hepatitis (Lieber 1984a;
Maddrey 1988; Popper and Lieber 1980).

The three types of alcohol-induced liver dis-
orders differ in their prognoses: Fatty liver and
alcoholic hepatitis are reversible with abstin-
ence, whereas cirrhosis is not. They also differ
in estimates of their incidence: Among heavy
drinkers, 90 to 100 percent show evidence of
some features of fatty liver, an estimated 10 to 35
percent develop alcoholic hepatitis, and 10 to 20
percent develop cirrhosis (Grant et al. 1988). How-
ever, it has been estimated from autopsy studies
that 40 percent of cirrhosis is not detected during
life (Lieber 1982).

Mortality from chronic liver disease and cir-
rhosis (International Classification of Diseases,
9th revision, code no. 571, subsequently referred
to as “cirrhosis”) has been declining steadily in
the United States since 1973. However, in 1986,
cirrhosis was ranked as the ninth leading cause of
death in this country (NIAAA 1989).  Further-
more, an examination of changes in cirrhosis
death rates in 29 countries between 1974 and 1983
has revealed significant declines in cirrhosis mor-
tality in Austria, Canada, France, Greece, Hong
Kong, Switzerland, and New Zealand, with
France showing the greatest decline (Smart 1988;
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FIGURE 1. Mechanisms of liver injury induced by ethanol (ethyl alcohol, the intoxicating ingredient in alcoholic beverages).
SOURCE: Lieber in press.

Mann, Smart, and Anglin 1988). In 16 other
countries, the death rates were lower in 1983
than in 1974 but the changes were not statistically
significant.

The downward trend in cirrhosis mortality in
the United States and Canada between 1973 and
1984 is difficult to explain, in view of the fact that
per capita consumption of alcohol increased in
the United States until 1980 and remained rela-
tively unchanged in Canada during the decade in
question. Some suggested reasons for the declines
in cirrhosis mortality are changes in patterns of
consumption, earlier diagnosis and treatment, in-
creases in the proportion of alcoholics receiving
treatment, improved medical management,
health promotion efforts, and effective preven-
tion programs (Mann, Smart, and Anglin 1988;
Mann, Smart, Anglin, and Rush 1988; Smart and
Mann 1987).

Other factors in the decline in mortality could
have been decreases in cirrhosis from causes

other than alcohol, or changes in diagnostic
criteria for classifying and reporting cirrhosis
deaths following the implementation of the Ninth
Revision of the International Classification of Dis-
eases (ICD-9)  (see  fig. 2) (NIAAA 1989). There is
some evidence that misdiagnoses  on death certifi-
cates may account for substantial underreporting
of cirrhosis deaths. In a study of patients with
biopsied alcoholic liver disease who died during
a lo-year followup, Blake et al. (1988) found that
ICD-9 diagnoses on death certificates had a 47-
percent chance of missing the correct diagnosis of
cirrhosis.

Cirrhosis death rates for males have been con-
sistently higher than rates for females; in 1986,
the male cirrhosis mortality rate was more than
twice the rate for females (NIAAA 1989). However,
women appear to have greater susceptibility to
alcohol-related liver damage. They develop
severe liver disease with shorter durations of
alcohol use and lower levels of consumption
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(Grant et al. 1988). Further, surveys have shown a
higher prevalence and greater severity of alcohol-
related liver disease in alcohol-dependent
females than in alcohol-dependent males. The
reasons for the apparent sex differences in al-
cohol sensitivity are unknown. They could be
related to differences in hormones, immune sys-
tems, body weight, or body water content (Grant
et al. 1988).

FIGURE 2. Age-adjusted mortality rates from liver cirrhosis by
race and sex, United States, 1946-1986.
SOURCE: NIAAA 1989.

The cirrhosis mortality rate for whites was con-
sistently higher than for nonwhites from 1937
through 1956. Beginning in 1957, the nonwhite
cirrhosis mortality rate rose sharply, peaking at
25.3 deaths per 100,000 in 1972-nearly  twice the
rate for whites. In national mortality statistics,
Hispanics are categorized as white, and blacks
comprise approximately 92 percent of the non-
white population. Data on nonwhites, therefore,
are considered reasonably representative of the
black population.

Striking changes have occurred over time in
cirrhosis mortality rates for nonwhite males. For
this group, cirrhosis death rates were consistently
lower than those for white males from 1933 until
1960, when rates for nonwhite males began a
steep rise (see fig. 2). By 1969, the rate for

nonwhite males was double the 1960 rate. In
1972, nonwhite male mortality peaked at 35
deaths per 100,000 and has declined rapidly since
then. The mortality rate for nonwhite females fol-
lowed a similar pattern, rising steadily above the
white female rate from the mid-1950s until 1973,
when it peaked at more than twice the rate for
white females. However, in the 65-and-over age
group, white males and females consistently have
higher respective cirrhosis mortality rates than
nonwhite males and females (NIAAA 1989).

Seeking explanations for the changing trends
in nonwhite cirrhosis mortality rates, Herd (1985)
examined migration patterns in the black popula-
tion. She suggested that social and demographic
changes brought about by the mass migration of
blacks from the rural South to the urban North
were accompanied by increasing levels of alcohol
consumption and alcohol-related problems in a
population that in earlier decades had been rela-
tively alcohol abstinent.

The amount and duration of excessive alcohol
use that lead to liver injury are uncertain. Re-
search (Rubin and Lieber 1968) has shown that
it is possible to induce fat accumulation and
ultrastructural changes in the liver in young,
nonalcoholic volunteers in about a week by sub-
stituting alcohol for carbohydrates in the diet in
amounts well below those needed to induce in-
toxication. However, there are marked individual
differences in susceptibility to alcohol-induced
liver disease (Maddrey  1988)  as well as interna-
tional differences in the relationship between per
capita alcohol consumption and cirrhosis mor-
tality rates (see fig. 3). Increased risk of fatty liver
has been found at consumption levels greater
than 80 grams a day in men and 20 grams a day
in women (Grant et al. 1988).  Several studies, but
not all (Soronson et al. 1984),  have found that the
severity of liver damage increases with increasing
daily intake of alcohol to more than 180 grams
per day (approximately 14 standard drinks)
when duration of use ranges from 10 to 20 years
(Grant et al. 1988). Lelbach (1974) showed that for
an individual consuming about 210 grams of
ethanol daily for 22 years, the probability of
developing cirrhosis is 50 percent, and that it
increases to 80 percent after 33 years of similar
daily consumption.

Furthermore, genetic factors may affect suscep-
tibility to these disorders; identical twins show
some concordance for cirrhosis (Hrubec and
Omenn 19811,  yet no genetic markers have been
found. However, in a recent study a specific
pattern associated with a gene coding for type 1
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FIGURE 3. Relationship between per capita alcohol consumption and liver cirrhosis mortality rates in different countries.
SOURCE: Grant et al. 1988. Copyright 1988 by Thieme Medical Publishers, Inc.

collagen (the type most increased in dense
fibrosis) was more frequent in alcohol-dependent
individuals with cirrhosis than in those without
cirrhosis and in controls (Weiner et al. 1988).
Women seem more likely to develop alcohol-
induced liver injury, which occurs with a com-
paratively lesser amount of alcohol ingested
over a shorter period (Maddrey 1988).

Many investigators believe direct alcohol
toxicity, rather than malnutrition, is responsible
for these disorders. However, impaired nutrient
digestion and absorption may contribute to the
pathology, and alcohol itself may induce selective
nutrient depletion that can cause organ damage

(Maddrey 1988; Achord 1987; Lieber 1988b, 1980).
Growing experimental evidence suggests that
alcohol also inhibits the liver’s normal repair
mechanisms (Espina et al. 1988) by disrupting
protein metabolism (Tuma and Sorrel1 1988;
Donahue et al. 1987).

New knowledge about how alcohol is metabo-
lized in the liver may eventually improve pre-
vention and treatment of alcohol-induced liver
injury. Characteristic of alcohol-induced liver in-
jury are lesions in the hepatic acinus, which con-
tains functionally important liver cells (see fig. 4).
The lesions typically occur in the perivenular
zone (the area surrounding tiny branches or
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FIGURE 4. Hepatic acinus. In this structure, the liver cells process blood-borne substances delivered by way of HA (minute branches
of the hepatic artery) and TPV (tiny terminal branches of the portal vein). After the blood mixes in the canals (acinar sinusoids) that
interlace the cells in zone 1, it will flow through zone 2 and then into zone 3, where it will exit by way of tiny branches of the hepatic
vein (HV). Bile secreted in the liver cells will be carried to the bile duct by its branches (BD).
SOURCE: Trader et al. 1983.  Copyright 1933 by the American Gastroenterological Association.

venules of the portal vein) or in the centrilobular
zone (the central area of the small lobe or lobule
of liver tissue). These sites are farthest from the
entrance point of oxygenated blood to the liver.
Low oxygen tensions, which are normal in these
zones, may exacerbate alcohol-induced changes
in the oxidation-reduction balance in liver func-
tion (Lieber 1988c,  1984a; Israel and Orrego 1987,
1984; Jauhonen et al. 1982). Fatty acid oxidation is
also decreased in these areas, which may help to
explain perivenular fat accumulation. Decreased
oxygen supply to the liver may have a role in the
progression of alcoholic liver disease (Lieber
1988c),  but one group of investigators postulates
that there is decreased oxygen capacity even in
the presence of ample oxygen supply (Lieber et
al. 1989).

According to one theory (Israel and Orrego
19871, which proposes that lack of oxygen is the
cause of liver cell injury, the alcohol-induced in-
crease in oxygen consumption is combined with
such precipitating factors as reduced hemoglobin

level or interference with portal blood flow.
Recent experimental findings (Lieber et al. 19891,
however, point to defective oxygen utilization in
the mitochondria (the cells’ energy producers)
rather than to lack of oxygen supply as an
alcohol-induced effect.

Levels of the major alcohol-metabolizing en-
zyme alcohol dehydrogenase (ADH) appear to be
higher in the vicinity of the perivenular zone
(Buehler  et al. 1982),  which could increase
hepatotoxicity by increasing the toxic metabolite
acetaldehyde (ACH) (Lieber 1988c).  ACH binds
to various cellular proteins and membrane con-
stituents (Jennett  et al. 1989; Behrens et al. 1988;
Mauch  et al. 1986,1987;  Lieber 1984a).

Perivenular fibrosis (PVF), which can occur at
the fatty liver stage in the absence of hepatitis,
results from collagen deposition around venules
in the liver. When the fibrotic process begins, ac-
cording to some researchers, it may be a pre-
cursor to cirrhosis in humans (Lieber 1988c;
Maddrey 1988); but some studies have been
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unable to confirm its prognostic significance
(Burt and MacSween 1986; Nasrallah et al. 19801.
Patients with PVF at the fatty liver stage are more
likely than patients without PVF to progress to
more severe stages of alcoholic liver disease if
they continue to drink (Lieber 1988cl.

The presence of concomitant alcoholic
hepatitis, which is marked by liver tissue inflam-
mation and liver cell death, is an important deter-
minant of prognosis in alcoholic cirrhosis. Orrego
et al. (19871 found that evidence of hepatitis in
patients with cirrhosis was associated with
a 270-percent increase in l-year mortality and
with a 50-percent increase in 5year mortality.
The investigators speculated that coexisting
hepatitis makes the cirrhotic liver more suscep
tible to further alcohol damage.

At present, liver biopsy is the only reliable
method of detecting PVF. Noninvasive tests are
being developed based on blood measurements
of substances involved in collagen metabolism;
recently a radioimmunoassay to detect a
modified form of type 3 procollagen was able to
detect 55 to 62 percent of patients with fibrosis
and more than 90 percent with cirrhosis (Lieber
1988c).

There is evidence that in alcoholic liver disease
the fat-containing lipocytes in the sinusoids (ter-
minal channels where arterial and venous blood
collect) are transformed to transitional cells,
which then produce collagen (Mak and Lieber
1988; Minato et al. 1983; Horn et al. 1986; Mak
et al. 1984). Patients with alcohol-induced liver in-
jury also have an increase in myofibroblasts (cells
from which connective tissue develops), which
synthesize collagen (Nakano et al. 19821. Further-
more, ACH and lactate, both of which increase in
the liver during alcohol metabolism, increase
collagen synthesis by liver myofibroblasts and
human fibroblasts (Savolainen et al. 1984; Holt
et al. 1984).

Mallory bodies, which are abnormal inclusions
of glassy-appearing membrane structures, are
found in liver cells of many patients who have
severe alcoholic liver disease. Immune reactions
directed against these abnormal structures may
have a role in the pathogenesis of alcohol-
induced liver injury (Zetterman et al. 19761,
possibly causing the injury to progress (Leevy
et al. 1979).

Alcohol also is metabolized in the liver,
through a distinct system in liver microsomes-
the microsomal ethanol oxidizing system, which
is dependent on a unique alcohol-induced form
of the enzyme cytochrome P450  called P450IIEl

(Lieber 1988a)  (see fig. 5). P450IIEl  can activate
other chemicals and may explain the increased
susceptibility of heavy drinkers to hepatotoxicity
from drugs and other substances (Lieber 1988c).
The DNA and protein sequences for this unique
cytochrome have been determined, and alcohol
oxidation by purified human P450IIEl  has been
demonstrated (Lieber 1988cl.  Ethanol oxidation
by this system may have significant consequences
for the pathogenesis of liver injury, either directly
(through the production of ACH) or indirectly
(through the microsomal activation of other
chemicals) (Lieber 1988c, 1984bl.

Induction of microsomal oxidizing activity en-
hances the production of ACH, which in turn ex-
erts a variety of toxic effects at several sites of the
hepatocytes (Lieber 1988c; Israel and Orrego
1988). ACH may link with associated proteins,
forming adducts (complex compounds) that may
stimulate the formation of antibodies (Lieber
1988c;  Israel and Orrego 1988). Antibodies
against ACH adducts are present in the serum of
most alcohol-dependent individuals and may be
one of the immune mechanisms responsible for
alcoholic liver injury (Lieber 1988~;  Israel and
Orrego 1988). The highest titers of these anti-
bodies have been found in persons with alcoholic
hepatitis (Israel et al. 1988; NiemelH et al. 1987).
Hoerner et al. (1988,1986)  found these antibodies
against ACH adducts in more than 70 percent of
alcoholic patients; the highest titers were seen in
the more advanced stages of liver damage. ACH-
protein adducts may also damage the function
of key proteins by reacting with amino acid
residues; in chronic heavy drinkers, long-term
functional damage to important proteins in the
liver ultimately leads to irreversible liver injury
(Jennett et al. 1989).

Electron microscopy studies have revealed
striking morphologic abnormalities in liver
mitochondria (subcellular organelles, which are
the site of energy metabolism in the cell). These
abnormalities are associated with functional im-
pairments, including decreased oxidation of fatty
acids and ACH (Laposata and Lange 1986). Ex-
posure to the resulting high ACH levels may in
turn affect mitochondrial function. Functional
changes in mitochondria also may produce
alterations in cellular membranes. In vitro
studies indicate that chronic alcohol administra-
tion alters membrane lipid composition and
causes changes in the fluidity of membranes
(Goldstein and Chin 1981; Rubin and Rottenberg
1982; Yamada and Lieber 1984; Polokoff et al.
1985; Kim et al. 19881.  As discussed in chapter IV,



Medical Consequences 113

FIGURE 5. Hepatic alcohol-drug interactions involving the ADH pathway and liver microsomes.
(A) Alcohol is metabolized by ADH, and drugs by microsomes. Hatching indicates high blood alcohol levels.
(B) Microsomal drug metabolism is inhibited in the presence of high concentration of alcohol, in part through competition for a com-
mon microsomal detoxification process.
(C) Microsomal induction after long-term alcohol consumption contributes to accelerated alcohol metabolism at high blood alcohol
levels.
(D) Increased drug metabolism and activation of xenobiotice (because of microsomal induction) persist after cessation of long-term
alcohol consumption.
‘In this figure, “drugs” means “pharmacologic agents.”
SOURCE: Lieber 1988a.

ethanol may selectively interact with particular
receptive regions of cell membranes and proc-
esses that take place at the membrane surface
may be particularly sensitive to the action of
ethanol (Tabakoff et al. 1988).

Other early and conspicuous features of
hepatic damage produced by alcohol are fat
deposition and liver enlargement. Enlargement of
the liver usually has been attributed to lipid ac-
cumulation, but recent research indicates that im-
paired protein secretion also plays a role in this
process (Lieber 1988~).  The enlargement of cells
may have a role in compressing the hepatic
sinusoids, thereby increasing resistance to the
flow of venous blood through the liver and lead-
ing to portal hypertension (Orrego et al. 1981;
Blendis  et al. 1982; Vidins et al. 1985); this role has
been disputed, however (Krogsgaard  et al. 1987).

An unresolved question in patients with alcohol-
induced liver disease is whether concomitant
infection with hepatitis B or another virus
promotes progression of liver disease (Maddrey
1988). Markers for hepatitis B have been found in
some patients with alcohol-induced liver disease,
especially in those with portal hypertension. In
some patient populations, persons with alcoholic
liver injury are more likely to have had previous
viral hepatitis infection, which therefore may be
a risk factor for development or progression of
alcoholic liver disease (Lieber 1984a).  A study by
Nomura et al. (1988) suggests that an interaction
between habitual alcohol intake and hepatitis B
virus infection is capable of producing liver
disease and that alcohol consumption intensi-
fies the development of liver disease caused
by hepatitis B virus. However, the role of
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concurrent infection with hepatitis B as a risk
factor in alcoholic liver disease is not clear, and
the literature in this area is conflicting. Some re-
searchers have suggested that coinfection could
be a risk factor for the progression of alcoholic
liver disease (Hislop et al. 1981; Stigendal et al.
1984; Villa et al. 19821, but others have asserted
that the presence of hepatitis B markers has no
effect on the severity or progression of alcoholic
liver disease (Gluud  et al. 1982; Chevillotte et al.
1983; Mills et al. 1981).

Although data suggest that protein supple-
ments tend to speed recovery of nutritional status
and improvement in liver function tests in al-
coholic liver disease, there have been no major
confirmed differences noted between treatment
and control groups after 3 to 4 weeks (Achord
1987). Caloric infusions may be indicated in
alcohol-dependent individuals who have a re-
versible component to their liver disease but who
cannot consume adequate diets (Achord 1988).
Propylthiouracil, an antithyroid drug, reduces
the hypermetabolic state induced by alcohol ad-
ministration and has been shown experimentally
to protect against alcohol-induced hepatocellular
necrosis in hypoxic (low-oxygen) conditions
(Orrego et al. 1987). In a study of patients with
alcoholic liver disease treated with propylthio-
uracil for 2 years, Orrego et al. (1987) found a sig-
nificant reduction in mortality-approximately
two-thirds less than in a placebo group. How-
ever, there was an apparent lack of protection
in heavy drinkers. A postulated mechanism of
action for propylthiouracil’s therapeutic effec-
tiveness is that it decreases or abolishes the
alcohol-induced increase in oxygen consumption
by the liver and increases the delivery of oxygen
to the liver by increasing portal blood flow
(Orrego and Carmichael 1989).

Liver transplantation is a therapeutic modality
that has been used successfully for advanced or
end stage alcoholic liver disease. In a major on-
going study of liver transplantation, the l-year
survival rate of 73 percent and 2-year survival of
64 percent in patients with alcoholic liver disease
did not differ from survival rates for nonalcoholic
controls (Star21  et al. 1988; Kumar et al. in press).
Further, recidivism to alcoholism has been quite
low (Star21  et al. 1988; Van Thiel et al. 1989).

Thurman et al. (1988) reported that pharma-
cologic agents that block cellular uptake of cal-
cium, such as those used to treat cardiovascular
disease, protect the liver from damage by a
variety of chemicals (including alcohol). They
also found that one type of calcium entry blocker

(nitrendipine) protects against hypoxic damage
induced by ethanol in the perfused rat liver.
These studies have possible clinical importance,
although extensive studies evaluating protection
against alcoholic liver injury by calcium entry
blockers have not yet been done.

Effects on the
Gastrointestinal Tract

Regular alcohol consumption may precipitate
inflammation of the esophagus and exacerbate
existing peptic ulcers (Miller and Gold 1987;
Kurata and Halle  1984). The relative risk of
esophageal cancer is higher in alcohol abusers,
as is the incidence of chronic atrophic gastritis,
a precursor of gastric carcinoma. Smoking, often
seen in these patients, may contribute to the
cancer development.

Until recently it had been thought that very
little alcohol is metabolized in the stomach
(Lamboeuf et al. 1981,1983;  Lin and Lester 1980).
However, it has been found that a significant frac-
tion of alcohol in doses comparable to “social
drinking” amounts (0.15 grams per kilogram, or
approximately the amount of alcohol in a typical
drink) is metabolized in the stomach before
entering the systemic circulation (Julkunen,
Di Padova,  and Lieber 1985; Julkunen,
Tannenbaum, et al. 1985; Di Padova  et al. 1987).
In rats, about 20 percent of ethanol administered
in a low dose is metabolized in the stomach
(Caballeria et al. 1987). In alcohol-dependent
individuals, initial metabolism of alcohol in the
stomach is virtually nonexistent when alcohol is
ingested after fasting, so that much more alcohol
enters the systemic circulation (Di Padova  et al.
1987). This reduced metabolism in alcohol-
dependent individuals may be due to diminished
gastric ADH activity (Julkunen, Di Padova,  and
Lieber 1985; Julkunen, Tannenbaum, et al. 1985).

Under normal conditions in nonalcohol-
dependent individuals, gastric ADH and associated
alcohol metabolism decrease the bioavailability of
alcohol. Thus a “barrier” to the penetration of al-
cohol into the body is formed, which could modu-
late the potential toxicity of alcohol. After chronic
alcohol consumption, much of that barrier ap-
pears to be lost, so that systemic effects of alcohol
are exacerbated. The barrier is also affected by
some pharmacologic agents (such as the antiulcer
agent cimetidine), which decrease the activity of
gastric ADH (Caballeria et al. 1989).
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The stomach is a site where alcohol causes sig-
nificant damage in humans because it is exposed
to higher concentrations of alcohol than any other
site, with the possible exception of the mouth and
the esophagus. Alcohol slows gastric emptying,
interferes with the action of gastroesophageal
sphincters, stimulates gastric secretion, and often
injures the gastric mucosa (inner lining), espe-
cially when combined with aspirin. Damage to
the stomach lining appears to be partly due to
alcohol’s ability to disrupt the protective mucus
that coats the gastric mucosa, perhaps by inter-
fering with its synthesis. Mucosal injury of the
stomach may also occur through damage to junc-
tions between the mucosal cells, leading to back
diffusion of acid that damages blood vessels or
the mucosa and submucosa (Szabo et al. 1985).

The delay in gastric emptying caused by al-
cohol may involve depression of gastric smooth-
muscle activity, and it is possible that similar
effects of alcohol may occur in smooth muscle
throughout the gastrointestinal tract.

Alcohol also produces alterations in intestinal
motility and mucosal function that result in
malabsorption. It affects peristalsis acutely
through neurohumoral disturbances and chroni-
cally through neuropathic changes (Mayer et al.
1978; Winship  et al. 1968). A variety of structural
and functional changes in the intestinal mucosa
have been described following alcohol injury,
including flattening of intestinal villi (micro-
scopic projections from intestinal mucosal cells
that increase the absorptive surface), loss of cer-
tain enzymes (disaccharidases), and inhibition of
amino acid and glucose transport mechanisms
(Dinda et al. 1977). Alcohol’s effect on intestinal
mucosal cells increases their permeability to large
molecules that would otherwise not be absorbed,
indicating cell damage. Ishii et al. (1988) reported
that chronic alcohol feeding in rats results in a sig-
nificant increase in intestinal activity of the en-
zyme gamma-glutamyl transpeptidase (GGTP).
This study suggests that the increased serum
GGTl?  activity frequently seen in alcohol-
dependent persons may originate in part from
enhanced activity of the enzyme in the intestine.

Heavy alcohol consumption and gallstones
are the two leading causes of acute pancreatitis
(Fuller 1988). Acute pancreatitis is manifested
by severe abdominal pain (usually upper ab-
dominal) often accompanied by nausea, vomit-
ing, fever, and tachycardia. The blood tests, serum
amylase and lipase, are useful in helping to make
the diagnosis, as are the relatively new imaging
tests, ultrasonography and computerized

tomography, which represent major advances
for establishing this diagnosis (Fuller 1988).
Most patients having acute pancreatitis respond
within a few days to standard treatment involv-
ing intravenous fluids and analgesics (McPhee
1985). Approximately 20 percent of patients,
however, experience a severe form having one
or more complications and a protracted course,
and some episodes of acute pancreatitis are
fatal; the mortality rate for alcoholic acute
pancreatitis is under 5 percent. Although the
causal mechanism is unknown, animal studies
suggest that activation of potent pancreatic
enzymes within the pancreas itself (rather than
in the lumen of the small bowel where such
activation normally occurs) may be involved
(Steer et al. 1984). Other studies have implicated
acetaldehyde, the metabolite of ethanol, as
having a toxic effect on the pancreas (Geokas et
al. 1985).

Heavy alcohol consumption is a principal
cause of chronic pancreatitis. More than 75 per-
cent of patients with chronic pancreatitis have a
history of heavy alcohol consumption (Van Thiel
et al. 1981; Lipsitz et al. 19811, and the disease
typically appears after 5 to 10 years of heavy al-
cohol use (Sarles 1971). The abdominal pain
caused by this disease is severe and, if chronic,
can sometimes be relieved by surgical removal
of the pancreas. Little is known about the
pathogenesis of chronic pancreatitis in alcohol-de-
pendent individuals, partly because the location
of the pancreas makes study of its function dif-
ficult and partly because the disease typically
remains hidden for a long time.. By the time
alcohol-dependent individuals with this disorder
present with abdominal pain, chronic changes
have already occurred in the pancreas. Attacks of
pain can recur even if drinking has ceased.

Within 3 or 4 years of the initial attack, many
of these patients develop pancreatic hormone
deficiencies. As chronic exposure to alcohol . .
reduces the flow of pancreatic digestive enzymes
into the small intestine, absorption of nutrients is
reduced and the patient suffers from malnutri-
tion. At the same time, regulation of sugar me-
tabolism is disrupted because the pancreas fails
to secrete enough insulin and glucagon into the
patient’s bloodstream, thus increasing the risk of
diabetes.

Although one retrospective study of alcoholic-
dependent individuals with pancreatitis showed
that they had been drinking about 160 grams
of alcohol a day (approximately 12 standard
drinks), data are lacking on what minimum level
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of drinking causes the disease to develop. There
appears to be large individual variability in sus-
ceptibility to the development of pancreatitis.
Mezey et al. (1988) found that women with
chronic pancreatitis had consumed alcohol for a
shorter period than men, although there was no
sex difference in the total daily amount of alcohol
consumed.

The role of nutritional factors in chronic
pancreatitis is uncertain. Studies in France have
indicated that alcoholic pancreatitis is more likely
in persons who consume a high-protein diet, but
Mezey et al. (1988),  who studied pancreatitis in
subjects who consumed more than 50 percent of
their calories as alcohol, concluded that high
dietary intake of protein and fat is not a factor
in the development of chronic pancreatitis in
alcohol-dependent individuals.

A problem that seriously hinders the study of
alcoholic chronic pancreatitis is the lack of a
suitable animal model. In one study (Singh et al.
1982),  rats that were administered alcohol for
30 months exhibited pancreatic changes, but
other investigators have found only accumula-
tions of lipid droplets and some ultrastructural
changes in pancreatic cells of rats fed alcohol up
to 54 months; nothing resembling human chronic
pancreati  tis was seen.

Most theories about the pathogenesis of al-
coholic pancreatitis incorporate the effects of al-
cohol on pancreatic secretion. These effects vary,
depending on whether alcohol intake is chronic.
Thus alcohol administration decreases pancreatic
secretions in alcohol-naive animals and humans,
but it increases those secretions in animals and
humans that have been chronically exposed to al-
cohol. There is evidence that alcohol’s stimulation
of pancreatic secretions combined with obstruc-
tion of flow of these secretions from the pancreas
may lead to pancreatic cell death (necrosis) and
eventually to atrophy and replacement of
pancreatic cells with scar tissue (fibrosis).

One possible explanation for pancreatic cell
destruction is that the pancreas is attacked by the
very enzymes it produces. There is evidence that
alcohol reduces the levels of natural inhibitors
that normally prevent zymogens, the precursors
of digestive enzymes, from being converted into
active enzymes in the pancreas. Trypsin is one of
these enzymes, and alcohol has been shown to
cause a decrease in the factors that inhibit trypsin
activity in the pancreas. In addition, chronic
pancreatitis patients have increased levels of the
types of digestive enzymes that are released by
lysosomes,  microscopic bodies that normally

defend their host cells against bacteria and other
cell-threatening agents (Steer et al. 1984).

Recent work has suggested that the production
of oxygen free radicals, a highly reactive form of
oxygen, may be one of the early stages in the
pathogenesis of pancreatitis. Research results also
indicate that the free radical scavengers, as well
as the anti-gout pharmaceutical allopurinol (an
inhibitor of the oxidase enzyme that presumably
produces the free radicals), attenuate the extent of
the disease in experimental animals.

In summary, pancreatitis may develop
through the combined effects of stimulation of
pancreatic secretion and obstruction of secretory
flow into the duodenum. Permanent obstructive
alterations in the pancreatic duct may develop in
turn. In addition, direct injury to the pancreas
may result from premature activation of enzyme
precursors (zymogens), so that their digestive ac-
tion occurs in that organ, producing inflamma-
tion, necrosis, and fibrosis.

Nutritional and
Metabolic Disorders

Alcohol may account for more than 10 percent
of the total caloric intake of adult drinkers in the
United States (Williamson et al. 1987). In examin-
ing the association between alcohol and body
weight, Williamson et al. (1987) found that
alcohol has a substantial association with lower
body weight in women, similar to the effect of
smoking. Compared with nondrinkers, women
who consumed alcohol 7 to 13 times a week
weighed about 3.6 kilograms (about 8 pounds)
less. However, alcohol use diminished the
weight-lowering effect of smoking in men. The
mechanisms underlying these findings are
unclear.

Malnutrition resulting from poor eating habits,
a frequent complication of alcohol dependence,
can arise from reduced overall food intake as well
as from deficiencies of specific nutrients. Results
of nutritional deficiencies include anemia,
neuropathy, Wernicke’s disease, and depressed
cellular and hormonal functions. Nutritional
deficiencies also may contribute to the fetal al-
cohol syndrome, liver disease, pancreatic disease,
malabsorption, and carcinogenesis. Fasting and a
zinc-deficient diet decrease the activity of the im-
portant alcohol-metabolizing enzyme ADH, a
zinc-containing enzyme.

Alcohol interferes with the metabolism of most
vitamins; the deficiencies of thiamine, folate,
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pyroxidine, vitamin A, and zinc that are common
in alcohol-dependent individuals may result
from impaired absorption as well as from poor
nutrition. There is considerable evidence that al-
cohol can impair active transport mechanisms for
nutrient absorption. Alcohol is known to interfere
with the absorption of many nutrients, including
amino acids, glucose, choline, zinc, and vitamins
(Mezey 1985a). The physiologic significance of
the malabsorptive effects is uncertain, however,
because there is an excess of intestinal absorptive
capacity, as seen in individuals who have had
large segments of the intestine surgically
removed but still maintain adequate nutrition.

Nevertheless, abnormal metabolism of
proteins, carbohydrates, lipids, vitamins, and
minerals occurs with heavy, chronic alcohol con-
sumption (Sherlock 1984; Mezey 1985a). Alcohol
ingestion interferes with the metabolism of most
vitamins, including folic acid. Ingestion of al-
cohol produces a fall in serum levels of folic acid,
possibly by increasing its hepatic uptake and
storage in a polyglutamate form and decreasing
its intrahepatic circulation (Hillman et al. 1977).
ACH has been shown to interfere with pyri-
doxine metabolism by displacing the vitamin
from its binding sites and accelerating its sub-
sequent metabolism (Lumeng  and Li 1974).

Alcohol also has profound metabolic effects on
carbohydrate, lipid, and protein metabolism.
Ethanol is known to inhibit gluconeogenesis
(synthesis of glucose from noncarbohydrates),
but the mechanism of ethanol-induced hyper-
glycemia is obscure (Mezey 1985b; Lieber 1984b).
Although the pathophysiology of alcoholic
ketoacidosis (excess blood acidity caused by or-
ganic acids) has been well described, the reasons
why individuals vary in susceptibility to this con-
dition are not understood (Lieber 1982; Williams
1984; Halperin et al. 1983).

Little work has been done on the relation of
heavy alcohol consumption to the development
of metabolic bone disease, although it is known
that alcohol stimulates both urinary calcium and
magnesium excretion. Osteoporosis in young
and middle-aged men has been associated with
chronic alcohol use. Peng et al. (1988)  demon-
strated in rats that a relationship exists between
bone strength and alcohol consumption; alcohol
consumption resulted in weaker femurs com-
pared to controls. The investigators postulated
that the mechanism responsible for decreased
bone strength in alcohol-fed rats may underlie
the increased incidence of fractures in human
alcohol-dependent individuals.

Alcoholdependent persons are also suscep
tible to acute and chronic muscle injury. Biopsy-
proved muscle fiber atrophy has been found in
60 percent of such individuals (Peters et al. 1985;
Martin et al. 1985). The quantity of alcohol con-
sumed in the year before biopsy correlated sig-
nificantly with the severity of the atrophy (Peters
et al. 1985). The atrophy was not associated with
vitamin deficiencies and was independent of any
existing neuropathy, although it was more likely
to be seen in patients with severe liver disease,
peripheral neuropathy, or malnutrition. Sequen-
tial studies in abstaining alcohol-dependent in-
dividuals showed significant improvement in
muscle within 3 months and often complete
recovery within a year (Peters et al. 1985). The
etiologies of these syndromes are incompletely
understood, although it is believed that alcohol
may be directly toxic to muscle (Haller and
Knochell984; Martin et al. 1985).

Effects on the
Cardiovascular
System

Chronic alcohol abusers may develop clinical
signs of cardiac dysfunction, and up to 50 percent
of the difference between normal death rates
and those of alcohol-dependent individuals
and heavy drinkers may be attributed to cardio-
vascular disorders (Altura 1986). Alcohol abuse
affects the cardiovascular system in several ways.
Alcohol can affect the heart muscle itself, produc-
ing cardiomyopathy (degeneration of the heart
muscle) and cardiac arrhythmias. Chronic alcohol
consumption is associated with a significant in-
crease in hypertension and may play an impor-
tant role in ischemic heart disease (deficient
blood circulation to the heart) and cerebrovas-
cular disorders, including stroke. Some survey
data suggest that moderate alcohol intake may
have an ameliorating influence on the develop
ment and progression of atherosclerosis by chang-
ing the lipid composition of the blood, but this
issue requires further research.

The Heuff
Acute alcohol administration causes numerous

biochemical changes in the heart muscle (myocar-
dium), including a reduction in fatty acid oxida-
tionfthe  primary fuel source for the heart) and an
increase in triglyceride content (Kako et al. 1973).
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Recent studies show that the heart directly me-
tabolizes ethanol to form a class of compounds
called fatty acid ethyl esters and that these com-
pounds may induce dysfunction in the mito-
chondria (energy-producing structures of the
heart) (Lange and Kinnunen 1987; Klatsky 1987).
This metabolic pathway may be a direct link be-
tween alcohol ingestion and the development of
alcohol-induced cardiomyopathy.

Impaired uptake and binding of calcium by
the sarcoplasmic reticulum (a subcellular mem-
brane structure) has been observed in animal
models of alcohol dependence, and the flux of
calcium ions necessary for contractility is also
impaired (Regan and Morvai 1987). Electron
microscopy studies of cardiac muscle damaged
by alcohol show characteristic changes, including
a depletion in contractile proteins and increased
numbers of disrupted mitochondria (Benzer
1987).

Many studies have demonstrated that alcohol
can depress myocardial contractility, especially in
persons with preexisting cardiac disease (Lange
and Kinnunen 1987; Klatsky 1987). People with a
long history of alcohol abuse but no clinical
evidence of heart disease, especially men, often
are shown by physiologic studies and non-
invasive testing to have abnormal cardiac func-
tion, which may indicate preclinical alcoholic
cardiomyopathy (Klatsky 1987). Furthermore, up
to half of all people with idiopathic (unexplained
or spontaneous) cardiomyopathy in the United
States are alcohol dependent (Wang et al. 1987).
These findings suggest that a substantial number
of alcohol-dependent individuals may have some
degree of cardiac impairment.

In a recent report, Urbano-Marquez  et al.
(1989) concluded that the extent to which alcohol
is toxic to skeletal and cardiac muscle depends on
the amount of alcohol consumed. In their study
of 50 asymptomatic alcoholic men (mean age
38.5 years), skeletal and cardiac muscle strength
and cardiac function declined as the estimated
total lifetime dose of ethanol increased.

Clinical manifestations of idiopathic and
alcohol-induced cardiomyopathy do not differ,
but prognosis does, making differentiation of
these disorders essential (Wang et al. 1987). The
prognosis of idiopathic cardiomyopathy is poor
regardless of treatment, but alcoholic cardio-
myopathy may have a good prognosis if marked
reduction in alcohol use occurs (Wang et al.
1987). Alcohol-induced cardiomyopathy may be
reversible in about 30 percent of patients if they

become abstinent. Recovery without abstinence is
rare (Lange and Kinnunen 1987).

Alcohol-induced myocardial toxicity can be
potentiated by cofactors. Two documented
epidemics of acute cardiac failure in heavy beer
drinkers occurred following consumption of beer
that contained arsenic and cobalt; the amounts of
these substances themselves were insufficient to
account for the heart damage (Klatsky 1987).

A number of studies indicate that irritability of
the heart muscle in alcohol-dependent individ-
uals is increased, during both drinking and acute
withdrawal, and that arrhythmias can result. In
the ventricles, the blood-pumping chambers of
the heart, abnormally rapid contractions and
irregular quivering are more common with
elevated blood alcohol concentrations in the
presence of underlying organic disease. A study
by Koskinen et al. (1987)  suggests that alcohol
plays a significant role in the genesis of otherwise
unexplained rapid, uncoordinated movements of
the heart atria, which receive blood. Among
35 young and middle-aged patients with new-
onset idiopathic atria1 fibrillation, significantly
more had consumed alcohol within 2 days of the
onset of the arrhythmia compared to patients
with nonidiopathic atria1 fibrillation and to a
control group. The investigators suggested that
in 15 to 30 percent of patients with idiopathic
atria1 fibrillation the arrhythmia may be alcohol
related and that between 5 and 10 percent of
all new episodes of atria1 fibrillation can be
explained by alcohol use (Koskinen et al. 1987).

The “holiday heart syndrome,” episodes of
abnormal cardiac rhythms following several
days of heavy drinking (including both atria1
and ventricular dysrhythmias), has been seen in
chronic alcohol drinkers, with and without under-
lying cardiomyopathy (Ettinger et al. 1978). Be-
cause this syndrome appears after the binge
rather than during the period of intoxication, it
may be associated with a mild alcohol with-
drawal syndrome or be mediated via the central
nervous system (CNS) (Lange and Kinnunen
1987). Acute ethanol infusion can prolong conduc-
tion times in both the atrium and the ventricle in
patients prone to alcohol-induced dysrhythmias
(Engel and Luck 1983),  but little is known about
the exact mechanism whereby alcohol disrupts
the heart’s electrical conduction system.

There is also evidence suggesting that
moderate levels of alcohol consumption can
precipitate coronary artery spasms in patients
with variant angina, a type of angina pectoris
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in which painful spasms occur during rest
(Ettinger et al. 1978). In animal experiments,
small amounts of alcohol cause contractions in
isolated coronary arteries. It therefore appears
likely that alcohol is capable of precipitating
angina in individuals who are otherwise suscep-
tible to it.

The Vc~scular  System

In addition to possible direct action on the
heart, alcohol may alter circulatory function by af-
fecting the release and actions of hormones and
humoral  substances, such as catecholamines, al-
dosterone, cortisol, dopamine, angiotensin 2,
renin, eicosanoids, and cyclic adenosine mono-
phosphate, among others (Altura 1986). Changes
in the activity or secretion of these substances
may alter cardiac activity, blood pressure, blood
flow, and vascular homeostasis and may even-
tually result in cardiac and vascular damage.

Numerous epidemiologic studies around the
world have found that alcohol abuse is associated
with hypertension (Lange and Kinnunen 1987;
Klatsky 1987). Estimates of the proportion of hy-
pertension associated with alcohol vary from 5 to
24 percent (Klatsky 1987). Moderate alcohol con-
sumption appears to produce moderate increases
in blood pressure, and alcohol-dependent in-
dividuals may have considerably higher than nor-
mal blood pressure. Many cases diagnosed as
idiopathic or essential hypertension <high blood
pressure having no known cause) may actually
have chronic alcohol ingestion as their cause
(Miller and Gold 1987; Benzer 1987).

The alcohol-hypertension relationship is seen
mostly at drinking levels equivalent to a usual
daily intake of three or more drinks and is
strongest in men, Caucasians, and people over
age 55 (Klatsky 1987). In a large epidemiologic
study the prevalence of hypertension, defined as
blood pressure of 160/95 mm Hg or more,
doubled in white individuals who drank six or
more drinks a day compared to nondrinkers or
persons who had two or fewer drinks daily
(Klatsky 1987).

Blood pressure often increases substantially
during and shortly after acute intoxication (Lange
and Kinnunen 1987). When a single episode of
consumption or dose of alcohol is followed by
withdrawal, blood pressure is normally increased
by activity in the sympathetic nervous system
(the “fight or flight” system that has stimulating
effects like those of a shot of adrenaline) (Miller
and Gold 1987). Increases in norepinephrine

metabolites are found even after modest alcohol
ingestion (Lange and Kinnunen 1987).

Alcohol withdrawal has been proposed as a
factor in the increases in blood pressure, and
several studies have found increased metabolic
correlates of blood pressure during withdrawal,
such as norepinephrine, arginine vasopressin,
and renin (Criqui 1986). However, indirect effects
such as psychosocial stress, environmental fac-
tors such as diet, and genetic predisposition to
alcohol-induced hypertension cannot be ruled
out (Klatsky 1987). Data suggest that substantial
or complete regression in hypertension may
occur in some individuals when they abstain
(Klatsky 1987; Criqui 1986; Miller and Gold 1987;
Benzer 1987).

Ongoing clinical studies throughout the world
indicate a higher than normal incidence of hemor-
rhagic stroke and other intracranial bleeding
among heavy users of alcohol (Altura 1986). Such
stroke-like episodes often appear within 24 hours
of a drinking binge, and several investigators
have suggested that excessive alcohol consump-
tion predisposes to stroke and sudden death
(Altura 1986). In a recent prospective study
among middle-aged women, Stampfer et al.
(1988) found that moderate alcohol consumption,
defined as three to nine drinks a week, was asso-
ciated with increased risk of a hemorrhage
beneath the arachnoid  membrane, which is the
middle one of three membranes covering the
brain and the spinal cord. In animals, moderate
amounts of alcohol can cause spasm in cerebral
blood vessels (Altura et al. 1983). The alcohol-
stroke relation may be partially explained by
association of both drinking and stroke with
hypertension and by a bleeding tendency due to
alcohol (Klatsky 1987).

Coronary Heart Disease I

The question whether moderate drinking
protects against coronary heart disease, a path-
ological condition in the arteries that supply
blood to the heart muscle, continues to generate
controversy. Several epidemiologic studies have
reported that moderate drinking (up to one or
two drinks a day) may reduce the risk of coron-
ary heart disease below that found’in abstainers
(Lange and Kinnunen 1987; Klatsky 1987; Moore
and Pearson 1986). In a recent large-scale prospec-
tive study of middle-aged nurses, Stampfer et al.
(1988) found that moderate alcohol consumption
(three to nine drinks per week) was associated
with decreased risk of coronary heart disease and
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ischemic stroke. On the basis of a large-scale
prospective study of middle-aged British men,
Shaper et al. (1987) questioned whether alcohol
has any direct protective effect against ischemic
heart disease. Shaper and colleagues found that
although the light daily drinkers had the lowest
incidence of ischemic heart disease events, they
also contained the lowest proportion of current
smokers, had the lowest mean blood pressure,
had the lowest mean body index, and contained
the lowest proportion of manual workers. Shaper
et al. (1987) concluded that these characteristics
are more likely to account for the apparent pro-
tective effect of alcohol.

On the other hand, numerous studies have
also shown that the risk of coronary artery dis-
ease and coronary artery disease mortality is in-
creased by heavy drinking (Altura 1986; Moore
and Pearson 1986).

One mechanism proposed to account for the
apparent protective effect of alcohol is that higher
levels of high-density lipoprotein (HDL), which
are associated in other studies with decreased
risk of coronary artery disease, occur with alcohol
consumption. Okamoto et al. (1988) found that
serum levels of HDL were elevated in habitual
alcohol drinkers without liver injury but were
reduced in those with liver disease-markedly so
in those with cirrhosis. Recent studies have indi-
cated that the subfraction of HDL that is alcohol
sensitive is HDL-3,  a nonprotective subfraction;
HDL2, which is associated with decreased risk of
coronary heart disease, is marginally elevated by
ethanol (Lange and Kinnunen 1987; Criqui 1986;
Moore and Pearson 1986). Thus any protective ef-
fect of alcohol for coronary heart disease may be
independent of an HDL effect.

However, other recent evidence suggests that
apolipoproteins (components of HDL)  may be im-
portant indicators of atherosclerosis and coronary
artery disease and that these are increased by
moderate alcohol consumption (Moore and
Pearson 1986). Okamoto et al. (1988) found that
apolipoprotein A-l was elevated in drinkers
without liver injury but that apolipoprotein A-2
was not.

Alcohol’s effects on blood-clotting factors
have also been suggested as a possible protective
mechanism. Low doses of alcohol might prevent
the increased blood clotting, coagulation of blood
platelets, and generation of thromboxane B2 as-
sociated with cardiovascular disorders (Stampfer
1988; Criqui 1986). However, recent reports have
also indicated that low doses of ethanol can en-
hance aggregation of blood platelets and lead to

generation of thromboxane B2 (Altura 1986). In
another possible mechanism, moderate alcohol
may directly affect coronary artery diameter and
coronary blood flow (Moore and Pearson 1986).

Effects on the Immune
System

It is difficult to assess the primary effects of al-
cohol on the immune system in human beings be-
cause concurrent malnutrition, infection, liver
disease, and other disorders may independently
affect this system. However, many clinical studies
have reported increased susceptibility to infection
in alcohol-dependent individuals and the lack of
normal response to infection in experimental
animals (Johnson 1975; Adams and Jordan 1984;
Cotle et al. 1982; Andersen 1975; Gluckman et al.
1977).

Chronic alcohol consumption appears to
depress the production of polymorphonuclear
leukocytes (PMNs)  in the bone marrow. Defects
in the movement and aggregation of these white
blood cells (normal responses to infection) have
been reported in patients with alcoholic liver
disease, perhaps accounting for these patients’
increased susceptibility to bacterial infection
(Rajkovic et al. 1984). In vitro experiments show
that alcohol impairs the ability of PMNs to ad-
here to cell surfaces, an essential step in their
migration to the site of inflammation (MacGregor
et al. 1974; Brayton  et al. 1970; Gluckman and
MacGregor 1978). A reduced number of granulo-
cytes fgranulocytopenia)  is seen in up to 8 percent
of alcohol-dependent individuals admitted to
hospitals, especially those with infection (Liu
1973). Granulocyte numbers return to normal
after alcohol withdrawal.

Lymphocyte proliferation responses are also
lower in alcohol-dependent individuals without
liver disease, suggesting that some changes in im-
mune function observed in alcohol-dependent in-
dividuals are linked to the direct effects of alcohol
on the immune system rather than to the as-
sociated liver disease (Mutchnick and Lee 1988).
The possibility has also been raised that autoim-
munity may play a role in the pathogenesis of al-
coholic liver disease (Johnson and Williams 1986).

Cell-mediated immunity is significantly in-
hibited by alcohol, as exemplified by the high in-
cidence of tuberculosis among alcohol-dependent
individuals (Smith and Palmer 1976). The in-
cidence of virus-associated head and neck cancers
is also high in alcohol-dependent individuals,
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suggesting that heavy drinking may cause some
loss of cell-mediated immunity against these
viruses (Martinez 1970). In alcohol-dependent
persons with severe liver disease, T-lymphocytes
(a type of white blood cells that fight infection)
are reduced in number and are deficient in their
ability to undergo blast transformation in
response to substances (mitogens)  that induce
blast formation and synthesis of DNA and RNA
(Roselle and Mendenhalll984; Lundy et al. 1975).
This inability is associated with poor response to
test antigens and failure to develop immune
responsiveness to new antigens. Incubating lym-
phocytes from nonalcoholdependent individuals
with alcohol leads to similar failure of transforma-
tion, cytotoxic T-cell activity, and migratory
movement (Roselle and Mendenhalll982;
Glassman  et al. 1985; Ristow et al. 1982; Kaelin
et al. 1984).

Chronic alcohol administration reduces the
T-cell population in lymphoid tissue and the
peripheral blood and spleens in experimental
animals, but the proportion of T-helper cells in
the spleen is increased. Thus it is suggested that
immunosuppression and transient imbalances in
components of cellular immunity induced by al-
cohol may play a role in immune disorders as-
sociated with alcohol dependence (Mufti et al.
1988). On the basis of animal experiments,
Bagasra et al. (1987) suggested that suppressor
T-cells are probably the most susceptible to al-
cohol effects, followed by the helper T-cells.
Many alcohol-dependent individuals have in-
creased immunoglobulin levels and increased
auto-antibodies, probably due to the effect of
liver disease on B-cells (Ladefoged et al. 1979).
Alcohol itself can inhibit the function of
B-lymphocytes (which carry immunoglobulins
and produce antibodies) from humans and
experimental animals (Gilhus and Matre 1982;
Jerrells et al. 1986; Aldo-Benson  1988). This inhibi-
tion may be a factor in the increased incidence of
pneumonia and peritonitis in alcohol-dependent
individuals (Smith and Palmer 1976). Grossman
et al. (1988) suggested that alcohol may alter
the processes of maturation and replication of
lymphocytes in the spleen.

Alcohol also may have an adverse effect on
natural killer cells, which can mediate cell-
destructive reactions without having to be sen-
sitized by previous exposure to their target and
which seem to be important in the body’s defense
against spontaneously arising tumors and metas-
tases. This function can be impaired by malnutri-
tion and alcoholic liver disease. Abdallah et al.

(1988) found a reduction of greater than 50 per-
cent in mice that were fed alcohol chronically,
although other studies have reported both
increased and decreased activity (Abdallah
et al. 1988).

Alcohol impairs phagocytosis (killing of bac-
teria by white blood cells) (Roberts and Segal
1987) and inhibits antibody-dependent cell-
mediated cytotoxicity in mouse spleen cells
(Walia et al. 1987). Alcohol interferes with cell
lysis by reacting with sites that are required for
triggering the lytic event (Walia et al. 1987).

No evidence exists to indicate a direct associa-
tion between alcohol use and the development of
acquired immune deficiency syndrome, although
by reducing inhibitions alcohol use may lead to
an increase in risk-taking behavior, such as shar-
ing needles among drug users. However, alcohol
could increase the risk of primary infection when
individuals are first exposed to the human im-
munodeficiency virus (HIV). For individuals al-
ready infected with HIV, alcohol could result in
progression from asymptomatic to clinical infec-
tion by depressing the immune mechanisms
that act to limit the negative impact of HIV
(MacGregor 1987). A recent epidemiologic
study, however, did not reveal an alcohol-
associated acceleration of HIV-related disease
(Kaslow et al. 1989).

Alcohol and Cancer
There is considerable epidemiologic evidence

that alcohol abuse is associated with increased
risk of certain kinds of cancers, especially those of
the liver, esophagus, nasopharynx, and larynx
(Driver and Swann 1987; Tuyns 1979; Decker and
Goldstein 1982). The incidence of such cancers is
notably lower in religious groups who abstain
from alcohol use (Driver and Swann 1987).
Studies have suggested that risk of esophageal
cancer increases with alcohol use (Tuyns 1979)
and that chronic atrophic gastritis, a precursor to
gastric cancers, occurs frequently in alcohol
abusers. However, the literature on the relation-
ship between cancer of the stomach and alcohol
consumption is inconclusive (Driver and Swann
1987). Within certain geographic areas, consump-
tion of beer in particular correlates with the ap
pearances of cancers in the lower gastrointestinal
tract, suggesting that nonalcohol ingredients (con-
geners) in alcoholic beverages may play a role in
development of these tumors (National Research
Council 1982; Driver and Swann 1987). A recent
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report on large-scale epidemiologic studies in
Japan noted that daily drinking consistently
elevated the risk for prostate cancer (Hirayama
1986). There is no definitive evidence linking
breast or lung cancer with chronic alcohol use;
the fact that these are among the most common
human cancers suggests that alcohol does not
play a systemic role in carcinogenesis (Webster
et al. 1983; Lieber et al. 1979). Large-scale epi-
demiologic studies linking alcohol and breast
cancer have been criticized for methodological
shortcomings (Feinstein 1988). In a review of
reports from 1974 to 1987 linking alcohol con-
sumption with breast cancer, Lowenfels and
Zevola (1989) noted that three prospective studies
showed slightly higher risk of breast cancer for
consumers versus nonconsumers of alcohol but
that the results of correlation and case-control
studies had been inconsistent. In both positive
and negative studies, the amount of alcohol con-
sumed by women with breast cancer was low.
More research is needed to provide definitive in-
formation on the relationship between alcohol
use and breast cancer.

Although liver cancer in alcohol-dependent
individuals has been thought to result from
cirrhosis (Tuyns 1979; Lieber et al. 1979) or
an association with hepatitis B virus infection
(Ohnishi et al. 1987), there is increasing evidence
of possible direct effects of alcohol on liver
carcinogenesis (Driver and Swann 1987). The re-
ported proportion of alcohol-dependent individ-
uals with cirrhosis who develop cancer ranges
from 5 to 30 percent (Driver and Swarm 1987).

Alcohol does not act as a complete carcinogen
in that it does not directly damage genes (Driver
and Swann 1987; Weisburger and Williams 1981).
However, ethanol may act during tumor initia-
tion and progression. Alcohol may affect en-
zymes controlling carcinogens-as evidenced by
the seemingly synergistic effect of alcohol con-
sumption and smoking in the development of
cancers, especially those of the head and neck
(Lieber 1988c;  Driver and Swann 1987; McCoy
and Wynder 1979). One study has found that the
relative risk for esophageal cancer is much higher
when daily drinking is combined with smoking
25 or more cigarettes per day than when either
habit is sustained alone (Hirayama 1986). Animal
experiments have demonstrated that ethanol can
increase the carcinogenicity of nitrosamines (com-
ponents of tobacco smoke) (Driver and Swann
1987). Other studies have indicated that alcohol
leads to enhanced microsomal activation of car-
cinogens and mutagens (Lieber et al. 1979) and

that alcohol itself may act as a cocarcinogen. It
has also been reported that alcohol-fed rats have
deficient ability to repair a specific type of
carcinogen-induced DNA damage that may
promote development of precancerous lesions
(Garro et al. 1986). Alcohol is also associated with
dietary deficiency that may increase cancer risk;
for example, vitamin A deficiencies are associated
with respiratory tract cancer in rats (Driver and
Swann 1987).

Alcohol may also play a role in carcinogenesis
through its effects on the immune system (see
section on immune system) by decreasing
immune surveillance against tumors, particu-
larly by means of suppressor and cytotoxic
T-lymphocytes.

In summary, alcohol may both facilitate and
promote delivery of carcinogens and then impair
immune protective or repair mechanisms, al-
though more research is needed to test these
hypotheses. Evidence strongly suggests an as-
sociation between chronic alcohol consumption
and some types of cancer, but the relationship is
complex.

Effects on Endocrine and
Reproductive Functions

Alcohol affects virtually every endocrine
organ. The effects vary with dose and with
whether determinations are made after acute or
chronic administration or withdrawal. Nutri-
tional state and stress associated with alcohol
administration are also important variables.
Alcohol-induced hormonal changes alter metabo-
lism and predispose to organ damage and may
also mediate physical dependence and tolerance.

Elevated plasma cortisol levels have been
found in alcohol-dependent individuals, and
some have pseudo-Cushing’s syndrome-in
which corticosteroids are increased while
adrenocorticotropic hormone levels are normal-
suggesting possible adrenocortical disturbance
(Ylikahri et al. 1978; Rees et al. 1977). The abnor-
malities disappear after 2 to 3 weeks of
abstinence.

The specific effects of alcohol use on the
mechanisms responsible for regulating cor-
ticosteroid levels are not clear, but the decisive
events may occur (a) at the level of the pituitary
gland, the producer of adrenocorticotropic hor-
mone (ACTH),  which stimulates the adrenal cor-
tex to secrete the cortical steroids, or (b) higher
up, in the brain, where the hypothalamus
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produces corticotropin-releasing factor, a sub
stance that signals the pituitary to release ACTH.
In animals, chronic alcohol administration causes
enlargement of the adrenal glands and increases
circulating cortisol levels. These effects are
prevented by removing the pituitary gland
(hypophysectomy)  (Crabbe  and Rigter 1980).
Acute alcohol administration consistently in-
creases plasma corticosteroids, an effect that ap
pears to be mediated at the brain level because it
is blocked when the pituitary gland is removed
(Crabbe  and Rigter 1980). A direct adrenal effect
is also possible, however, because ACH increases
hormone synthesis and secretion by the isolated
perfused adrenal gland (Cobb and Van Thiel
1982; Cobb, Van Thiel, and Gavaler 1981; Cobb,
Van Thiel, Gavaler, and Lester 1981; Cobb et al.
1979).

Plasma catecholamines are increased by acute
alcohol administration, as demonstrated by
studies in which alcohol infusion raised adrenal
vein output of epinephrine and norepinephrine
(Koob 1983). Chronic alcohol administration in-
creases the rate at which adrenal catecholamines
are depleted and replaced, and recent studies
have found that chronic alcohol feeding decreases
the density of alpha-1-adrenergic receptors in
plasma membranes. Liver adrenergic receptors
are predominantly,of  this subtype, and it is
through these receptors that epinephrine affects
mitochondrial respiration, intracellular calcium,
and carbohydrate metabolism (Gardemann et al.
1989). Bjorneboe et al. (1988) found lower levels
of serum calcium levels in alcohol-dependent
individuals compared to controls when dietary
intake of vitamin D3 was not significantly differ-
ent, indicating that the activities of enzymes
crucial in vitamin D3 metabolism may be altered
in alcohol-dependent individuals.

Other endocrine effects include alterations
in thyroid hormones, growth hormone, and
vasopressin (Hegedus 1984). Patients with al-
coholic hepatitis and cirrhosis have decreased
trliodothyronine levels but normal thyroxine
levels and normal or increased levels of thyroid-
stimulating hormone. The decreased triiodo-
thyronine correlates with the severity of the
liver disease (Van Thiel et al. 1979). In a study
of patients with nonalcoholic and alcoholic cir-
rhosis, Hegedus et al. (1988) found decreased
thyroid size in patients with alcoholic cirrhosis
but not in those with nonalcoholic cirrhosis, sug-
gesting that alcohol may have a toxic effect on the
thyroid gland independent of the degree of liver
damage.

It is well known that disorders of reproductive
function (including impotence, low testosterone
levels, low sperm count, andtesticular atrophy)
are common among alcoholic men (Cicero 1982;
Noth and Walter 1984; Van Thiel1983XBreast  en-
largement has also been observed clinically in al-
coholic men and may be associated with elevated
levels of prolactin or perhaps estrogen. Episodic
heavy drinkers also may have alcohol-related im-
potence and low testosterone, and there is some
evidence that alcohol may impair spermato-
genesis (Van Thiel1983; Van Thiel et al. 1974).

Although there is now considerable evidence
that alcohol directly affects testosterone produc-
tion in the testes (Ellingboe and Varanelli 1979;
Gordon et al. 1980; Chiao et al. 1981; Johnston et
al. 1981),  the cellular mechanisms involved are
not understood. Controversy also persists con-
cerning the extent to which the hypothalamus
and pituitary are affected simultaneously by al-
cohol to modulate the suppressive effect on tes-
tosterone production. Adding to the complexity
is evidence that cortisol can act directly to reduce
testosterone levels (Cumming et al. 1983).

Most clinical and endocrine studies of alcohol
have been carried out in men. The few clinical
studies of alcohol-dependent women suggest that
they have higher prevalence of amenorrhea,
anovulation, dysfunction in the postovulation
phase of the men&ual  cycle, and pathologic
ovary changes (Hugues  et al. 1980; Moskovic
1975; Valimaki et al. 1984), and perhaps ac-
celerated onset of menopause as well (Gavaler
1985). Mendelson et al. (1987) found significant
effects of alcohol on female hormone secretion
when controlling for the phase of the menstrual
cycle. The findings indicate that repeated.,or  sus-
tained episodes of alcohol intoxication may sup
press hormonal activity in women. In a detailed
study of the relationship between alcohol in-
toxication and the menstrual cycle, Sutker et al.
(1987) found differences in alcoholmetabolism
across different phases of the menstrual cycle
among women who had ovulated during two pre-
vious cycles.

Neurologic Disorders
Heavy alcohol consumption is a.well-

documented cause of brain damage (Lee et al.
1979; Carlen  et al. 1986). Neurological complica-
tions of heavy alcohol consumption include de-
mentia, blackouts, seizures, hallucinations, and
peripheral neuropathy (Miller and Gold 1987);
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in addition, other factors may contribute to
behavioral impairment in chronic alcohol-
dependent individuals. Alcohol-related dementia
accounts for nearly 20 percent of all admissions
to state mental hospitals (Freund and Ballinger
1988). Upon neuropsychological assessment,
there is evidence of brain dysfunction in 50 to
70 percent of detoxified alcohol-dependent in-
dividuals who do not have organic brain
syndrome (a constellation of psychological signs
and symptoms associated with a specific organic
cause) (Eckardt and Martin 1986). Structural
brain damage in alcohol-dependent individuals,
which can be seen on autopsy, includes general
atrophy as well as specific cell loss in at least two
structures associated with memory disorders
(Butters and Cermak 1983). Freund and Ballinger
(1988) found that heavy alcohol consumption
was associated with loss of a specific type of
acetylcholine receptor in the frontal cortex. This
loss could disrupt synaptic transmission of nerve
impulses and thereby cause varying degrees of
impaired memory and learning.

Investigations of neurologic damage as-
sociated with long-term alcohol use that include
the use of computerized tomography (CT) scans
have revealed structural abnormalities that corre-
lated with results on neuropsychological tests
(Harper and Kril1985).  From 50 to 75 percent of
detoxified, long-term alcohol-dependent in-
dividuals show significant impairments in tests
of problem solving, perception, and memory.
Many of these alcohol-dependent individuals
have demonstrable brain abnormalities-a widen-
ing of the frontal and parietal cortical sulci (fur-
rows separating brain convolutions) and often a
widening of the lateral and third ventricles of the
brain (Pfefferbaum et al. 1988; Bergman 1987;
Wilkinson and Carlen 1980; Carlen et al. 1981).

Correlations have also been found between the
size of the third ventricle, which includes the dor-
somedial  thalamic region, and paired-associate
learning tasks (Gebhardt et al. 1984). There is a
consistent trend toward more neuropsychological
deficits in general intelligence, verbal learning
and retention, and short-term memory in those
with wider lateral ventricles (Bergman 1987).
However, this trend is more pronounced in
middle-aged or older alcohol-dependent persons
(Bergman 1987). Pfefferbaum et al. (1988) found
that ventricular enlargement was apparent only
in older alcohol-dependent individuals and be-
came increasingly exaggerated with age, al-
though enlargement of the sulci was found in
all age groups. However, associations between

neuropsychological performance and CT
changes or alcohol consumption were not very
pronounced.

Evidence suggests that in some alcohol-
dependent persons hepatic disease may mediate
some of the neuropsychological impairment. The
performance of alcoholdependent individuals
with cirrhosis on most neuropsychological tests
does not differ substantially from that of non-
alcoholdependent individuals with cirrhosis,
and certain liver enzyme and function indices cor-
relate significantly with neuropsychological test
scores (Tarter and Edwards 1986; Tarter et al.
1986). The 45percent  incidence of hepatic en-
cephalopathy in alcohol-dependent individuals
with hepatitis suggests that cognitive impair-
ments may be apparent before the stage of cir-
rhosis (Tarter and Edwards 1986). Furthermore,
lactulose (a drug used to treat portal-systemic en-
cephalopathy) can partially attenuate the neuro-
psychological deficits in alcohol-dependent
individuals (Tarter and Edwards 1986). In a
recent study, Tarter et al. (1988) found no sys-
tematic differences on neuropsychological tests
between alcohol-dependent individuals and non-
alcohol-dependent individuals, all of whom had
biopsy-proven cirrhosis, and concluded that a his-
tory of alcohol dependence does not contribute
substantially to the manifest neuropsychological
deficits beyond the deficit due to coexistent
hepatic encephalopathy.

There also is some evidence that abstinence
may lead to recovery of some cognitive function
and learning and partial recovery from brain
atrophy (Goldstein et al. 1968; Goldman 1982;
Carlen et al. 1986; Ron 1983) and significant
reduction in brain abnormalities as seen on CT
scans (Carlen et al. 1978; Artmann et al. 1981; Ron
et al. 1982; Cala et al. 1983; Carlen et al. 1986).
Abstinent alcohol-dependent individuals under
age 40 have been observed to recover visuo-
spatial capacity more frequently than older
abstinent alcohol-dependent individuals
(Goldman et al. 1983). However, another study
found that a 5-year abstinence in young alcohol-
dependent individuals permitted some percep-
tual recovery but did not reverse memory and
learning deficits (Brandt et al. 1983). Other
studies of detoxified or recovering alcohol-
dependent individuals confirm some long-term
cognitive deficits (Yohman et al. 1985; Fabian and
Parsons 1983). Such deficits may have implica-
tions for treatment and relapse; particularly in
the first weeks of abstinence during treatment,
cognitive impairments may make it difficult for
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some alcohol-dependent individuals to benefit
from the educational and skilldevelopment ses-
sions that are important components of many
treatment programs (see chapter XI).

The relationship between different behaviors
and anatomical changes in the brain is not yet
completely clear, however. The pattern of deficits
is not always the same, and up to 25 percent of
chronic alcoholdependent individuals have no
cognitive deficits upon neuropsychological assess-
ment (Tarter and Edwards 1986). CT studies that
have found correlations between brain structural
changes and behavior in alcohol-dependent in-
dividuals have involved both cortical and subcor-
tical structures. A major problem in determining
correlations is the limited resolution of CT scans,
which seriously restricts the ability of inves-
tigators to examine alterations in subcortical
structures. Newer technologies such as magnetic
resonance imaging are far superior to CT scans in
revealing details of brain structure because they
allow volumetric analysis of subcortical struc-
tures (see  fig. 6).

A study comparing female alcohol-dependent
individuals with no overt clinical evidence of
brain damage to a female nonalcoholic control
population (Jacobsen 1986) found that female
alcohol-dependent individuals had larger
ventricles and greater degrees of widening of
sulci and fissures than the controls. Perhaps of
most significance in this study (as compared to
CT studies in male alcohol-dependent individ-
uals), female alcohol-dependent individuals had
markedly shorter histories, lower levels of “peak”
alcohol consumption, and substantially shorter
durations of withdrawal symptoms than were
usually reported for male alcohol-dependent indi-
viduals. Thus the pattern of CT abnormalities
similar to those found in males appeared after
significantly shorter and less intense drinking
histories; this pattern is consistent with findings
for other alcohol-induced organ damage such as
liver disease (Gallant 1987).

Results differ concerning the presence and ex-
tent of cognitive or structural damage associated
with moderate alcohol consumption; some CT
scans of the brain show such structural damage
(Cala et al. 1978; Cala 1985) and others do not
(Bergman et al. 1983). Findings concerning cogni-
tive deficits associated with moderate alcohol use
are also inconsistent (Parker et al. 1983; Parsons
1986; MacVane et al. 1982).

Brain impairment in chronic alcohol-dependent
individuals may be conceptualized as two
organic brain syndromes: alcoholic dementia

and Korsakoff’s psychosis (WemickeKorsakoff
syndrome) (Martin et al. 1986). Alcoholic de-
mentia is characterized by global intellectual
decline with deficits in abstracting ability and
problem solving, difficulty in swallowing (dys-
phagia),  difficulty in manipulating objects
(apraxias),  electroencephalographic abnor-
malities, and cerebral atrophy and ventricular
dilation on CT scans (Martin et al. 1986). These
are considered to be direct effects of alcohol
neurotoxicity, but they are sometimes difficult
to differentiate from symptoms of primary
degenerative dementia or Alzheimer’s  disease
(Martin et al. 1986).

Wemicke’s disease is a CNS disorder consist-
ing of ocular disturbances, ataxia, and confusion.
It is associated with thiamine deficiency and can
be reversed by adequate thiamine intake (Martin
et al. 1986). Korsakoff’s psychosis may appear
without being preceded by thiamine deficiency;
when it does so, it is not reversed by thiamine
supplementation. Alcohol-dependent individuals
may have the syndrome or Korsakoff’s psychosis
alone. Approximately 80 percent of patients with
Wemicke’s encephalopathy who survive will
have Korsakoff’s psychosis (Reuler et al. 1985).
Many investigators consider that Wemicke’s
encephalopathy and Korsakoff’s psychosis are
really the same disorder, with Wernicke’s being
the acute and Korsakoff’s the chronic form
(Thomson et al. 1987).

The etiology of this syndrome is complex;
structural lesions have been demonstrated in the
dorsomedial thalamic nucleus and the basal
forebrain region (Victor et al. 1971; Wilkinson
and Carlen  1981; Arendt et al. 1983). It has also
been suggested that there may be a genetic
predisposition to Wemicke’s encephalopathy in-
volving an enzymatic abnormality concerned
with thiamine metabolism (Reuler et al. 1985;
DeVor et al. 1988; Thomson et al. 1987; Martin et
al. 1986). Recognizing the progressive nature of
Wemicke’s encephalopa thy is vital because
mortality is 10 to 20 percent and early treatment
may correct  critical abnormalities (Reuler et al.
1985).

Korsakoff’s psychosis consists of a permanent
state of cognitive dysfunction and the inability to
remember recent events or to learn new informa-
tion. For alcoholic patients with Korsakoff’s
psychosis, previously learned information may
interfere with new learning, and it may also be
difficult to recall events that occurred before
the onset of the dysfunction (Butters 1984;
Butters and Brandt 1985).
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FIGURE 6. Magnetic resonance Tl-weighted  brain scans through the plane of the mamillary bodies. Left and right are 1.7X enlarge-
ments of 3-mm-thick brain sections that are sliced sag&ally (vertical cuts made with the knife in the front-to-back position) and
coronally (vertical cuts made with the knife in the left-to-right position) respectively. (A) Normal control; (B) Alzheimer’s disease;
(C) chronic Wernicke’s encephalopathy. The mamillary bodies, indicated with arrows, are easily seen in the control patient, only
slightly smaller in the Alzheimer patient despite striking ventricular enlargement, and barely discernible in the Wernicke patient.
SOURCE: Charness and DeLaPaz 1987.
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The relationship between alcoholic brain
damage and behavior is an area ripe for more in-
tensive research. Classic, long-accepted studies of
alcohol neuropathology are now being criticized.
For example, acute hemorrhagic lesions in the
medial diencephalic region of the brain (an area
that lies immediately behind the forebrain and in-
cludes upper portions of the  hypothalamus and
lower portions of the thalamus)  have long been
considered responsible for the persistent amnesia
in Wernicke-Korsakoff syndrome, but a study of
200 alcohol-dependent individuals found that al-
though 131 had the neuropathology associated
with Wernicke-Korsakoff syndrome, only 20 per-
cent of the 131 had any signs of the illness. The
condition is recognized far more often at autopsy
than during clinical examination (Cravioto et al.
1961; Harper 1979; Torvik et al. 1982).

Among other neuropsychological effects of al-
cohol abuse, one of the most well-recognized is
seizures following abrupt withdrawal of alcohol.
However, a recent study by Ng et al. (1988) sug-
gests that seizures may be caused by alcohol use
itself in addition to withdrawal. In a controlled
study, the researchers investigated alcohol use
before the onset of a first seizure in 308 patients
with seizures. In this study, alcohol withdrawal
was not associated with the onset of seizures;
16 percent of first seizures in drinkers fell outside
the conventionally defined withdrawal period,
and the remainder appeared to occur randomly
after the last drink in those who were abstinent.
The investigators concluded that the relationship
of seizures to alcohol use is dose dependent and
that ingestion of alcohol can induce seizures inde-
pendent of alcohol withdrawal.

Additional psychopathology, such as depres-
sion or antisocial personality disorder, may be
concurrent with alcohol dependence and in-
fluence psychological test results. Parker et al.
(1987) found that increased quantity of alcohol
consumed per occasion was associated with in-
creased depression symptoms in the sober state.
For additional discussion of depression and al-
cohol dependence, see chapter XI.

Summary
The range of medical consequences of alcohol

abuse is both immense and complex-virtually
no part of the body is spared the effects of exces-
sive alcohol consumption.

Injury to the liver (the primary site of alcohol
metabolism) is of three major types: fatty liver

and alcoholic hepatitis, which may be reversible
with abstinence, and cirrhosis, which is irre-
versible. Although mortality from cirrhosis has
been steadily declining since 1973 for reasons
that are not yet clear, chronic liver disease and
cirrhosis was the ninth leading cause of death
in the United States in 1986.

Patients with perivenular fibrosis at the fatty
liver stage are more likely to progress to more
severe stages of alcoholic liver disease if they
continue to drink. At present, liver biopsy is the
only reliable method of detecting PVF, but non-
invasive tests are being developed.

Liver transplantation has been used success-
fully for alcoholic liver disease. In a major study
of transplantation, survival rates did not differ be-
tween patients with end stage alcoholic liver dis-
ease and nonalcoholic controls.

In the gastrointestinal tract, regular alcohol
consumption may precipitate esophagitis and ex-
acerbate existing peptic ulcers. The relative risk of
esophageal cancer is higher in alcohol abusers, as
is the incidence of chronic atrophic gastritis, a
precursor of gastric carcinoma. Heavy alcohol
consumption is a principal cause of chronic
pancrea ti tis and a common cause of acute
pancreatitis.

Results of nutritional deficiencies, a frequent
complication of alcohol dependence, include
anemia, neuropathy, Wemicke’s disease, and
depressed cellular and hormonal functions. Nutri-
tional deficiencies also may contribute to the fetal
alcohol syndrome, liver disease, pancreatic dis-
ease, malabsorption, and carcinogenesis. Alcohol
also has profound metabolic effects on carbo-
hydrate, lipid, and protein metabolism.

Chronic alcohol abusers may develop clinical
signs of cardiac dysfunction, and up to 50 percent
of excess mortality in alcohol-dependent in-
dividuals and heavy users may be attributed to
cardiovascular disorders. Alcohol can affect the
heart muscle itself, producing cardiomyopathy
(degeneration of the heart muscle) and cardiac
arrhythmias. Chronic alcohol consumption is
associated with a significant increase in hyper-
tension and may play an important role in
ischemic heart disease and cerebrovascular
disorders, including stroke.

In addition to possible direct action on the
heart, alcohol may alter circulatory function by af-
fecting the release and actions of hormones and
related substances, changes in which may alter
cardiac activity, blood pressure, blood flow, and
vascular homeostasis, and eventually may result
in cardiac and vascular damage.
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Alcohol also affects the immune functions and
the endocrine and reproductive functions and
may be associated with increased risk of certain
kinds of cancers, especially those of the liver,
esophagus, nasopharynx, and larynx. The well-
documented neurological complications of heavy
alcohol consumption include dementia, black-
outs, seizures, hallucinations, and peripheral
neuropathy.

As research on the mechanisms of alcohol-
induced injuries proceeds, better understanding
of how alcohol produces these effects is emerg-
ing. However, this picture is enormously com-
plex, and it now appears that several diverse
mechanisms may be involved. New concepts
and technological advances have great potential
to accelerate progress in understanding the
biomedical consequences of alcohol dependence
and in developing improved methods to treat
and prevent the consequences of alcohol depend-
ence and alcohol abuse.

References
Abdallah, R.M.; Starkey, J.R.; and Meadows, G.G.

Toxicity of chronic high alcohol intake on
mouse natural killer cell activity. Res Commun
Chetn Path01  Pharmacol59(2):245-258,1988.

Achord,  J.L. Malnutrition and the role of nutri-
tional support in alcoholic liver disease. Am J
GasfroenteroZ82(1):1-7,1987.

Achord,  J.L. Nutrition, alcohol, and the liver. Am
J Gastroenferol83(3):244-248,1988.

Adams, H.G., and Jordan, C. Infections in the al-
coholic. Med Clin  North Am 68:179-199,1984.

Aldo-Benson, M.A. Alcohol directly suppresses
B cell response to antigen. Federation Proceed-
ings 2:6,1988.

Altura, B.M. Introduction to the symposium and
overview. Alcoholism (NY) 10(6):557-559,1986.

Altura, B.M.; Altura, B.T.; and Gebrewold, A.
Alcohol-induced spasms of cerebral blood ves-
sels: Relation to cerebrovascular accidents and
sudden death. Science 220:331-333,1983.

Andersen, B.R. Host factors causing increased
susceptibility to infection in patients with
Laennec’s cirrhosis. Ann N Y Acad Sci 252348
352,1975.

Arendt, T.; Bigl, V.; Arendt, A.; and Tennstedt, A.
Loss of neurons in the nucleus basalis of
Meynert in Alzheimer’s disease, paralysis
agitans and Korsakoff’s disease. Acfa
Neuropafhol61:101-108,1983.

Artmann,  H.; Gall, M.V.; Hacker, H.; and Her-
rlick, J. Reversible enlargement of cerebral
spinal fluid spaces in chronic alcoholics. A]NR
2:23-27,198l.

Bagasra, 0.; Howeedy, A.; Dorio, R.; and
Kajdacsy-Balla,  A. Functional analysis of T-
cell subsets in chronic experimental alcohol-
ism. Immunology 61:63-69,1987.

Behrens, U.J.; Hoemer, M.; Lasker, J.M.; and
Lieber, C.S. Formation of acetaldehyde ad-
ducts with ethanol-inducible P450IIEl  in vivo.
Biochem Biophys  Res Commun E&584-590,1988.

Benzer, D. Medical complications of alcoholism.
In: Herrington, R.E.; Jacobson, G.; and Benzer,
D., eds. Alcohol and Drug Abuse Handbook. St.
Louis: Warren J. Green, Inc., 1987. pp. 219-255.

Bergman, H. Brain dysfunction related to al-
coholism: Some results from the KARTAD
project. In: Parsons, O.A.; Butters, N.; and
Nathan, P.E., eds. NeuropsychoIogy  of
Alcoholism: Implications for Diagnosis and
Treatment. New York: Guilford Press, 1987.
pp. 21-44.

Bergman, H.; Axelson, G.; Idestrom, C.-M.; Borg,
S.; Hindmarsh, T.; Makower, J.; and Mutzell, S.
Alcohol consumption, neuropsychological
status and computer-tomographic findings in
a random sample of men and women from the
general population. PhurmacoZ  Biochem Behav
lS(Suppl.1):501-505,1983.

Bjomeboe, G.-E.A.; Bjomeboe, A.; Johnsen, J.;
Skylv, N.; Oftebro, H.; Gautvik, K.M.; Hoi&h,
A.; Morland, J.; and Drevon, C.A. Calcium
status and calcium-regulating hormones in al-
coholics. Alcoholism (NY) 12(2):229-232,1988.

Blake, J.E.; Compton, K.V.; Schmidt, W.; and
Orrego, H. Accuracy of death certificates in
the diagnosis of alcoholic liver cirrhosis. AI-
coholism (NY) 12(1):X8-172,1988.

Blendis,  L.M.; Orrego, H.; Crossley, I.R.; Blake,
J.E.; Medline, A.; and Israel, Y. The role of
hepatocyte enlargement in hepatic pressure in
cirrhotic and noncirrhotic alcoholic liver dis-
ease. HePafology  2(5):539-546,1982.

Brandt, J.; Butters, N.; Ryan, C.; and Bayog,  R.
Cognitive loss and recovery in long-term al-
cohol abusers. Arch Gen Psychiatry 40:435442,
1983.

Brayton,  R.G.; Stokes, P.E.; Schwartz, M.S.; and
Louria, D.B. Effect of alcohol and various dis-
eases on leukocyte mobilization, phagocytosis
and intracellular bacterial killing. N Engl J Med
282:123-128,197O.



Medical Conseauences 129

Buehler, R.; Hess, M.; and von Wartburg, J.P.
Immunohistochemical localization of human
liver alcohol dehydrogenase in liver tissue, cul-
tured fibroblasts and HeLa  cells. Am J Path02
108:89-99,1982.

Burt, A.D., and MacSween,  R.N.M. Hepatic vein
lesions in alcoholic liver disease: Retrospective
biopsy and necropsy study. ] Chin  Path01  39:63-
67,1986.

Butters, N. Alcoholic Korsakoff’s syndrome: An
update. Semin Neural 4:226-244,1984.

Butters, N., and Brand&J.  Continuity hypothesis:
The relationship of long-term alcoholism to the
Wemicke-Korsakoff syndrome. In: Galanter,
M., ed. Recent Developments in Alcoholism.
Vol. III. New York: Plenum, 1985. pp. 207-226.

Butters, N., and Cermak, L.S. Acute loss of
autobiographical memories in an amnesic
patient with alcoholic Korsakoff’s syndrome.
Society of Neurosciences  Abstracts 9Part 1):29,
1983.

Caballeria, J.; Baraona, E.; and Lieber, C.S. The
contribution of the stomach to ethanol oxida-
tion in the rat. Life  Sci 41:1021-1027,1987.

Caballeria, J.; Baraona, E.; Rodamilans, M.; and
Lieber, C.S. Effects of cimetidine on gastric al-
cohol dehydrogenase activity and blood
ethanol levels. Gustroenterology  96388-392,
1989.

Cala, L.A. CT demonstration of the early effects
of alcohol on the brain. In: Galanter, M., ed.
Recent Deuelopmenfs  in Alcoholism. Vol. III. New
York: Plenum, 1985. pp. 253-264.

Cala, L.A.; Jones, B.; Burns, P.; Davis, R.E.;
Stenhouse, N.; and Mastaglia, F.L. Results of
computerized tomography, psychometric test-
ing, and dietary studies in social drinkers with
emphasis on reversibility after abstinence. Med
J Aust 2:264-269,1983.

Cala, L.A.; Jones, B.; Mastaglia, F.L.; and Wiley, B.
Brain atrophy and intellectual impairment in
heavy drinkers: A clinical, psychometric and
computerized tomography study. Aust NZ ]
Med 8:147-153,1978.

Carlen,  P.L.; Penn, R.D.; Fornazzari, L.; Bennett,
J.; Wilkinson, D.A.; and Wortzman, G. Com-
puterized tomographic scan assessment of
alcoholic brain damage and its potential
reversibility. Alcoholism (NY) lO:l-7,1986.

Carlen,  P.L.; Wilkinson, D.A.; Wortzman, G.;
Holgate, R.; Lee, M.A.; Cordingley, J.; Rankin,
J.G.R.; Huszar, L.A.; Moddell,  G.; Singh, R.;

and Kiraly, L. Cerebral atrophy and functional
deficits in chronic alcoholics without clinically
evident liver disease. Neurology 31:3,77-385,
1981.

Carlen,  P.L.;  Wortzman, G.; Holgate, R.C.;
Wilkinson, D.A.; and Rankin,  J.G. Reversible
cerebral atrophy in recently abstinent chronic
alcoholics. Science200:1076-1078,1978.

Chamess, M.E., and DeLaPaz, R.L. Mamillary
body atrophy in Wemicke’s encephalopathy:
Antemortem identification using magnetic
resonance imaging. Ann Neural  22(5):595-600,
1987.

Chevillotte, G.; Durbec, J.P.; Gerolami, A.;
Berthezene, I’.; Bidart,  J.M.; and Camatte, R.
Interaction between hepatitis B virus and
alcohol consumption in liver cirrhosis. Gustro-
enterology85:141-145,1983.

Chiao, Y.-B.; Johnston, D.E.; Gavaler, J.S.; and
Van Thiel, D.H. Effect of chronic ethanol feed-
ing on testicular content of enzymes required
for testosteronogenesis. Alcoholism (NY) 5:230-
236,198l.

Cicero, T.J. Alcohol-induced deficits in the
hypothalamic-pituitary-luteinizing hormone
axis in the male. Alcoholism (NY) 6:207-215,
1982.

Cobb, C.F., and Van Thiel, D.H. Mechanism of
ethanol-induced adrenal stimulation. AZ-
coholism (NY)  6:197-201,1982.

Cobb, C.F.; Van Thiel, D.H.; Ennis, M.F.; Gavaler,
J.S.; and Lester, R. Is acetaldehyde an adrenal
stimulant? Curr  Surg 36:431-434,1979.

Cobb, C.F.; Van Thiel, D.H.; and Gavaler, J.S. Iso-
lated rat adrenal perfusion: A new method to
study adrenal function. J Surg Res 31347-353,
1981.

Cobb, CF.;  Van Thiel, D.H.; Gavaler, J.S.; and
Lester, R. Effects of ethanol and acetaldehye on
the rat adrenal. Metabolism 30:537-543,198l.

Cotle, J.; Forestier, F.; Quero, A.M.; Bourrinet, P.;
and German, A. The effect of alcohol ingestion
on the susceptibility of mice to viral infections.
Alcoholism (NY) 6:239-246,1982.

Crabbe, J.C., and Rigter, H. Hormones, peptides
and ethanol response. In: Rigter, H., and
Crabbe,  J.C., eds. Alcohol Tolerance and Depend-
ence. Amsterdam: Elsevier, 1980. pp. 293-316.

Cravioto, A.; Korein, J.; and Silberman, J.
Wemicke’s encephalopathy: A clinical and
pathological study of 28 autopsied cases. Arch
Neurol4:510-519,196l.



130 Medical Consequences

Criqui, M.H. Alcohol consumption, blood pres-
sure, lipids, and cardiovascular mortality. Al-
coholism (NY)  10(6):564-569,1986.

Cumming, D.C.; Quigley, M.E.; and Yen, S.S.C.
Acute suppression of circulating testosterone
levels by cortisol in men. I Clin Endocrinol
Mefab 57:671-673,1983.

Decker, J., and Goldstein, J. Risk factors in head
and neck cancer. N Engl JMed 306:1151-1155,
1982.

DeVor,  E.J.; Reich, T.; and Cloninger, C.R.
Genetics of alcoholism and related end-organ
damage. Semin Liver Dis 8(1):1-11,1988.

Dinda, P.K., and Beck, I.T. On the mechanism
of the inhibitory effect of ethanol on
intestinal glucose and water absorption.
American Journal of Digestive Diseases 22:529-
533,1977.

Di Padova, C.; Womer, T.M.; Julkunen, R.J.K.;
and Lieber, C.S. Effects of fasting and chronic
alcohol consumption on the first-pass metabo-
lism of ethanol. GasfroenferoIogy92:1169-1173,
1987.

Donahue, T.M., Jr,; Sorrel& M.F.; and Tuma, D.J.
Hepatic protein synthetic activity in vivo after
ethanol administration. Alcoholism (NY)
11(1):80-86,1987.

Driver, H.E., and Swann, P.F. Alcohol and human
cancer (review). Anticancer Res 7:309-320,
1987.

Eckardt, M.J., and Martin, P.R. Clinical assess-
ment of cognition in alcoholism. Alcoholism
(NY) 10(2):12>127,1986.

Eichner, E.R.; Buchanan, B.; Smith, J.W.; and
Hillman,  R.S. Variations in the hematologic
and medical status of alcoholics. Am J Med Sci
263(1):3542,1972.

Ellingboe, J., and Varanelli, C.E. Ethanol inhibits
testosterone biosynthesis by direct action on
Leydig cells. Res  Commun Chem Path01 Phar-
macol24:87-102,1979.

Engel, T.R., and Luck, J.C. Effect of whisky on
atria1 vulnerability and “holiday” heart. I Am
Coil Cardiol1:816-818,1983.

Espina, N.; Lima, V.; Lieber, C.S.; and Garro, A.J.
In vitro and in vivo inhibitory effects of ethanol
and acetaldehyde on O6-methylguanine trans-
ferase. Gzrcinogenesis  9:761-766,1988.

Ettinger, P.O.; Wu, CF.; Dela Cruz, C.; Weisse,
A.B.; Ahmed, S.S.; and Regan, T.J. Arrhyth-
mias and the holiday heart: Alcohol associated
cardiac rhythm disorders. Am Heart J 95:555-
561,1978.

Fabian, M.S., and Parsons, O.A. Differential im-
provement of cognitive functions in recovering
alcoholic women. J Abnorm  Psycho1 9287-95,1983.

Feinstein, A.R. Scientific standards in epidemio-
logic studies of the menace of daily life.
Science 242:1257-1263,1988.

Freund, G., and Ballinger, W.E., Jr. Loss of
cholinergic muscarinic receptors in the frontal
cortex of alcohol abusers. Alcoholism (NY)
12(5):63&638,1988.

Fuller, R.K. The laboratory diagnosis of pan-
creatic diseases. Medical Rounds 1:197-205,1988.

Gallant, D.M. The female alcoholic: Early onset of
brain damage. Alcoholism (NY) 11:190-191,1987.

Gardemann, A.; Strulik, H.; and Jungermann, K.
Different accessibility from the artery and the
portal vein of alpha- and beta-receptors in-
volved in the sympathetic nerve action on
glycogenolysis and hemodynamics in perfused
rat liver. Biol Chem Hoppe Seyler  370:47-54,1989.

Garro, A.; Espina, N.; and Lieber, C. Ethanol and
the repair of DNA. Alcohol Health and Research
World 10(3):26-27,1986.

Gavaler, J.S. Effect of alcohol on endocrine func-
tion in post-menopausal women: A review.
J Stud Alcohol 46:495-516,1985.

Gebhardt, C.A.; Naeser, M.A.; and Butters, N.
Computerized measures of CT scans of al-
coholics: Thalamic region related to memory.
Alcohol 1:133-140,1984.

Geokas, M.C.; Baltaxe, H.A.; Banks, P.A.; Silva, J.
Jr.; and Frey, C.F. Acute pancreatitis. Ann In-
fern Med 103(1):8&100,1985.

Gilhus, N.D., and Matre, R. In vitro effect of
ethanol on subpopulations of human blood
mononuclear cells. Inf Arch Allergy Appl  Im-
munol68(4):382-386,1982.

Glassman, A.B.; Bennett, C.E.; and Randall, C.L.
Arch Pafhol Lab Med 109:54&542,1985.

Gluckman, S.J.; Dvorak, V.C.; and MacGregor,
R.R. Host defences  during prolonged alcohol
consumption in a controlled environment.
Arch Intern Med 137:1539-1543,1977.

Gluckman, S.J., and MacGregor, R. Effect of acute
alcohol intoxicaton  on granulocyte mobiliza-
tion and kinetics. Blood 52:551-559,1978.

Gluud, C.; Aldershvile, J.;  Henriksen, J.;  Kryger,
I’.; and Mathiesen, L. Hepatitis B and A virus
antibodies in alcoholic steatosis and cirrhosis.
J Clin Pafhol35:693-697,1982.

Goldman, M.S. Reversibility of psychological
deficits in alcoholics: The interaction of aging
with alcohol. In: Wilkinson, D.A., ed. Cerebral



Medical Consequences 131

Deficits in Alcoholism. Toronto: Addiction Re-
search Foundation, 1982. pp. 79-105.

Goldman, M.; Williams, D.; and Klisz, D.
Recoverability of psychological functioning fol-
lowing alcohol abuse: Prolonged visual-spatial
dysfunction in older alcoholics. J Consult Clin
Psycho2 51:370-378,1983.

Goldstein, D.B., and Chin, J.H. Interaction of
ethanol with biological membranes. Federation
Proceedings 40~20732076,198l.

Goldstein, G.; Chotlos, J.W.; McCarthy, R.J.; and
Neuringer, C. Recovery from gain instability in
alcoholics. J Stud Alcohol 29:38-43,1968.

Gordon, G.G.; Vittek, J.; Southren, A.L.; Munnan-
gi, P.; and Lieber, C.S. Effect of chronic alcohol
ingestion on the biosynthesis of steroids in rat
testicular homogenate in vitro. Endocrinology
106:1880-1885,198O.

Grant, B.F.; Dufour, M.C.; and Harford, T.C.
Epidemiology of alcoholic liver disease. Semin
Liver Dis 8(1):12-25,1988.

Grossman, C.J.; Mendenhall, C.L.; and Roselle,
G.A. Alcohol and immune regulation: I. In
vivo effects of ethanol on concanavalin A sensi-
tive thymic lymphocyte function. Inf Jlmmuno-
pharmacol10(2):187-195,1988.

Haller, R.G., and Knochel, J.P. Skeletal muscle dis-
ease in alcoholism. Med Clin North Am 68:91-
103,1984.

Halperin, M.L.; Hammeke, M.; Josse, R.G.; and
Jungas,  R.L. Metabolic acidosis in the al-
coholic: A pathophysiologic approach. Mefabo-
Zism 32(3):308-315,1983.

Harper, C. Wemicke’s encephalopathy: A more
common disease than realised. A neuro-
pathological study of 51 cases. ] Neural
Neurosurg Psychiaf y 423226231,1979.

Harper, C., and Kril, J. Brain atrophy in chronic al-
coholics patients: A quantitative pathological
study. J Neural  Neurosurg  Psychiaf y 48:211-
217,198s.

Hegedus, L. Decreased thyroid gland volume in
alcoholic cirrhosis of the liver. J Clin  Endocrinol
Mefab  58:930-933,1984.

Hegedus, L; Rasmussen, N.; Ravn, V,.; Kastrup,
J.; Krogsgaard, K.; and Aldershvile, J. Inde-
pendent effects of liver disease and chronic al-
coholism on thyroid function and size: The
possibility of a toxic effect of alcohol on the
thyroid gland. Clinical and Experimental Mefabo-
km 37(3):229-233,1988.

Herd, D. Migration, cultural transformation and
the rise of black liver cirrhosis mortality. Br J
Addict 80:397-410,1985.

Hillman,  R.S.; McGuffin,  R.; and Campbell, C. Al-
cohol interference with the folate enterohepatic
cycle. Trans  Assoc Am Physicians 90~145-156,
1977.

Hirayama, T. Alcohol drinking and cancer mor-
tality. In: Report of the Sixth World Congress for
the Prevention of Alcoholism and Drug Depend-
ency. Washington, D.C.: International Commis-
sion for the Prevention of Alcoholism and
Drug Dependency, 1986. pp. 42-44.

Hislop,  W.S.; Follett, E.A.C.; Bouchier,  I.A.D.; and
MacSween,  R.N.M. Serological markers of
hepatitis B in patients with alcoholic liver dis-
ease: A multicentre survey. J Clin Path02
34:1017-1019,198l.

Hoerner, M.; Behrens, U.J.; Womer, T.; and
Lieber, C.S. Humoral  immune response to
acetaldehyde adducts  in alcoholic patients. Res
Commun Chem Pafhol  Pharmacol54(1):3-12,1986.

Hoerner, M.; Behrens, U.J.; Womer, T.M.; Black-
sberg, I.; Braly, L.F.; Schaffner, F.; and Lieber,
C.S. The role of alcoholism and liver disease in
the appearance of serum antibodies against
acetaldehyde adducts.  Hepafology’8(3>=9-574,
1988.

Holt, K.; Bennett, M.; and Chojkier, M. Acetal-
dehyde stimulates collagen and non-collagen
protein production by human fibroblasts.
Hqxztology4:843-848,1984.

Horn, T.; Junge, J.; and Christoffersen, P. Early al-
coholic liver injury. Activation of lipocytes in
acinar zone 3 and correlation to degree of col-
lagen formation in the Disse space. J Heputol
3:333-340,1986.

Hrubec, Z., and Omenn, G.S. Evidence of genetic
predisposition to alcoholic cirrhosis and
psychosis: Twin concordances for alcoholics
and its biological end points by zygosity
among male veterans. Alcoholism (NY) 5:207-
215,198l.

Hugues, J.N.; Cofte, T.; Perret,  G.; Jayle, M.S.;
Sebaoun, J.; and Modigliani, E. Hypothalamo-
pituitary ovarian function in 31 women with
chronic alcoholism. Chn Endocrinol12543-551,
1980.

Ishii, H.; Watanabe, Y.; Okuno, F.; Takagi, T.;
Munakata, Y .; Miura, S.; Shigeta, Y .; and
Tsuchiya, M; Alcohol-induced enhancement of



132 Medical Conseauences

intestinal gamma-glutamyl transpeptidase ac-
tivity in rats and humans: A possible role in
increased serum gamma-glutamyl transpep-
tidase activity in alcoholics. Alcoholism (NY)
12(1):111-115,1988.

Israel, Y., and Orrego, H. Hypermetabolic state
and hypoxic liver damage. In: Galanter, M., ed.
Recent Developments in Alcoholism. Vol. 2. New
York: Plenum, 1984. pp. 119-133.

Israel, Y., and Orrego, H. Hypermetabolic state,
hepatocyte expansion, and liver blood flow:
An interaction triad in alcoholic liver injury.
Ann NY Acad Sci 492:303-323,1987.

Israel, Y., and Orrego, H. Interactive factors in the
production of alcoholic liver injury. In:
Kamada, T.; Kuriyama, K.; and Suwaki, H.,
eds. Biomedical Aspects of Alcohol and Alcoholism.
Tokyo: Gendaikikakushitsu Publishing, 1988.
pp. 235-257.

Israel, Y.; Orrego, H.; and Niemel;i, 0. Immune
responses to alcohol metabolites: Pathogenic
and diagnostic implications. Semin Liver Dis
8(1):81-90,1988.

Jacobsen, R. Female alcoholics: A controlled CT
brain scan and clinical study. Br J Addict
81:661-669,1986.

Jauhonen, P.; Baraona, E.; Miyakawa, H.; and
Lieber, C.S. Mechanisms for selective
perivenular hepatotoxicity of ethanol. Al-
coholism (NY)  6:350-357,1982.

Jennett, R.B.; Sorrell, M.F.; Saffari-Fard, A.;
Ockner, J.L.; and Tuma, D.J. Preferential
covalent binding of acetaldehyde to the alpha-
chain of purified rat liver tubulin. HepafoIogy
9:57-62,1989.

Jerrells, T.R.; Marietta, C.A.; Eckardt, M.J.;
Majchrowicz, E.; and Weight, F. Effects of
ethanol administration on parameters of im-
munocompetence in rats. J Leukoc  Biol
39(5):499-510,1986.

Johnson, R.D., and Williams, R. Immune re-
sponses in alcoholic liver disease. Alcoholism
(NY) 10(5):471486,1986.

Johnson, W.D. Impaired defence mechanisms as-
sociated with acute alcoholism. Ann NY Acud
Sci 252:343-347,1975.

Johnston, D.E.; Chiao, Y.-B.; Gavaler, J.S.; and
Van Thiel, D.H. Inhibition of testosterone syn-
thesis by ethanol and acetaldehyde. Biochem
Pharmaco130:1827-1831,198l.

Julkunen, R.J.K.; Di Padova, C.; and Lieber, C.S.
First pass metabolism of ethanol-A

gastrointestinal barrier against the systemic
toxicity of ethanol. Life Sci37:567-573,1985.

Julkunen, R.J.K.; Tannenbaum, L.; Baraona, E.;
and Lieber, C.S. First pass metabolism of
ethanol: An important determinant of blood
levels after alcohol consumption. Alcohol 2:437-
441,1985.

Kaelin, R.M.; Semerjian, A.; Center, D.M.; and
Bernardo, J. Influence of ethanol on human
T-lymphocyte migration. ] Lab Clin Med
104(5):752-760,1984.

Kako, K.J.; Liu, M.S.; and Thornton, M.J. Changes
in fatty acid composition of myocardial
triglyceride following a single administration
of ethanol to rabbits. J Mel Cell Curdiol5:473-
489,1973.

Kaslow, R.A.; Blackwelder, W.C.; Ostrow, D.G.;
Yerg, D.; Palenicek, J.; Coulson, A.H.; and
Valdiserri, R.O. No evidence for a role of al-
cohol or other psychoactive drugs in accelerat-
ing immunodeficiency in HIV-l positive
individuals. JAMA 261(23):3424-3429,1989.

Kelbaek, H.; Heslet, L.; Skagen, K.; Munck, 0.;
Christensen, N.J.; and Godtfredsen, J. Cardiac
function after alcohol ingestion in patients
with ischemic heart disease and cardio-
myopathy: A controlled study. Alcohol Alcohol
23(1):17-21,1988.

Kim, C.; Leon, M.A.; Lowe, N.; and Lieber, C. Ef-
fects of vitamin A and ethanol on liver plasma
membrane fluidity. Hepafology  8:735-741,1988.

Klatsky, A.L. The cardiovascular effects of al-
cohol. Alcohol Alcohol 22(Suppl.  1):117-124,
1987.

Klatsky, A.L.; Armstrong, M.A.; and Friedman,
G.D. Relations of alcoholic beverage use to sub-
sequent coronary artery disease hospitaliza-
tion. Am J Curdiol58:710-714,1986.

Koob, G. Interaction of vasopressin and cor-
ticotropin releasing factors with stress. In:
Cicero, T., ed. Ethanol Tolerance and Dependence:
Endocrinologicul  Aspects. Washington, D.C.: U.S.
Govt. Print. Off., 1983. pp. 217-230.

Koskinen, I’.; Kupari, M.; Leinonen, H.; and
Luomanmaki, K. Alcohol and new onset atria1
fibrillation: A case-control study of a current
series. Br Heart J 57:468473,1987.

Krogsgaard, K.; Christensen, L.; Gluud, C.;
Henriksen, J.H.; and Christoffersen, P. Vari-
ables predicting elevated portal pressure in
alcoholic liver disease. Results of a multivariate
analysis. Stand J Gasfroenferol22:82-86,1987.



Medical Consequences 133

Kumar, S.; Stauber, R.E.; Gavaler, J.S.; Basista,
M.H.; Dindzans, V.J.; Schade, R.R.; Rabinovitz,
M.; Tarter, R.E.; Gordon, R.; Starzl, T.E.; and
Van Thiel, D.H. Orthotopic  liver transplanta-
tion for alcoholic liver disease. Heptology,  in
press.

Kurata, J.H., and Halle, B.E. Epidemiology of pep
tic ulcer disease. Clinics in Gastroenterology
13:289-307,1984.

Ladefoged, K.; Anderson, P.; and Jargensen, J,
Autoantibodies and serum immunoglobulins
in chronic liver disease. Ada Med Scd
205:103-109,1979.

Lamboeuf, Y.; De Saint Blanquat, G.; and
Derache, R. Mucosal alcohol dehydrogenase-
and aldehyde  dehydrogenase-mediated
ethanol oxidation in the digestive tract of the
rat. Biochem Phatmacol30:542-545,198l.

Lamboeuf, Y.; la Droitte, I’.; and De Saint
Blanquat, G. The gastro-intestinal metab-
olism of ethanol in the rat. Effect of chronic
alcoholic intoxication. Arch Znt Pharmacodyn
They 263(1):157-169,1983.

Lange, L.G., and Kinnunen, P.M. Cardiovascular
effects of alcohol. Adv Alcohol Subst  Abuse
6(3):47-52,1987.

Laposata, E.A., and Lange, L.G. Presence of non-
oxidative ethanol metabolism in human or-
gans commonly damaged by ethanol use.
Science 231:497-499,1986.

Lee, K.; Hardt, F.; Moller, L.; Haubek, A.; and
Jensen, E. Alcohol-induced brain damage and
liver damage in young males. Luncet  ii:759-761,
1979.

Leevy, C.M.; Kanagasundaram, N.; and
Matsumoto, K. Alcoholic hyaline and im-
munologic reactivity. In: Eddleston, A.L.W.F.;
Wever, J.C.P.; and Williams, R., eds. Immune
Reaction in Liver Disease. Kent, England: Pitman
Medical Publishing Co., Ltd., 1979. pp. 195-207.

Lelbach, W.K. Organic pathology related to
volume and pattern of alcohol use. In: Gibbins,
R.J.; Israel, Y.; Kalant, H.; Popham,  R.E.;
Schmidt, W.; and Smart, R.G., eds. Research Ad-
vances in Alcohol and Drug Problems. New York:
John Wiley and Sons, 1974. pp. 93-198.

Lieber, C.S. Alcohol, protein metabolism, and
liver injury. Gastroenferology 79:373-390,198O.

Lieber, C.S. Medical Disorders of Alcoholism:
Puthogenesis  and Treatment. Philadelphia: W.B.
Saunders, 1982.

Lieber, C.S. Alcohol and the liver: 1984 update.
Hepafology4(6):1243-1260,1984a.

Lieber, C.S. Metabolism and metabolic effects of
alcohol. Med Clin North Am 68%31,1984b.

Lieber, C.S. Biochemical and molecular basis of
alcohol-induced injury to liver and other tis-
sues. N Engl  1 Med 319(25):X39-1650,1988a.

Lieber, C.S. The influence of alcohol on nutri-
tional status. Nutt  Reu 46:241-254,1988b.

Lieber, C.S. Metabolic effects of ethanol and its in-
teraction with other drugs, hepatotoxic agents,
vitamins, and carcinogens: A 1988 update.
Semin Liver Dis 8:(1)47-68,1988c.

Lieber, C.S. Mechanism of ethanol-induced
hepatic injury. Pharmacol  Ther,  in press.

Lieber, C.S.; Baraona, E.; Hernandez-Munoz; and
Kubota, S. Impaired oxygen utilization: A new
mechanism for the hepatotoxicity of ethanol in
sub-human primates. J Clin Invest 83:X82-
1690,1989.

Lieber, C.S.; Seitz, H.; Garro,  A.J.; and Worner,
T.M. Alcohol related diseases and car-
cinogenesis. Cancer Res 39:2863-2886‘1979.

Lin, G.W., and Lester, D. Significance of the
gastrointestinal tract in the in vivo metabolism
of ethanol in the rat. Adv Exp Med Biol132:281-
286,198O.

Lipsitz, H.D.; Porter, L.E.; Schade, R.R.; Gottlieb,
G.P.; Graham, C.O.; and Van Thiel, D.
Gastrointestinal and hepatic manifestations of
chronic alcoholism. Gasfroenferology  81:594-
615,198l.

Liu, Y.K. Leukopenia in alcoholics. Am J Med
54:605&10,1973.

Lowenfels, A.B., and Zevola, S.A. Alcohol and
breast cancer: An overview. Alcoholism (NY)
13(1):109-111,1989.

Lumeng, L., and Li, T.-K. Vitamin B6 metabolism
in chronic alcohol abuse: Pyridoxal phosphate
levels in plasma and the effects of acetalde-
hyde on pyridoxal phosphate synthesis and
degradation in human erythrocytes. J Clin Zn-
vest 53:693-704,1974.

Lundy, J.; Raaf, J.H.; Deakins, S.; Wanebo, H.J.;
Jacobs, D.A.; Lee, T.; Jacobwitz, D.; Spear, C.;
and Oettgen, H.F. The acute and chronic ef-
fects of alcohol on the human immune system.
Surg  Gynecol Obstet 141:212-218,1975.

MacGregor, R.R. Alcohol and drugs as co-factors
for AIDS. Adv Alcohol Subst  Abuse 7:47-71,1987.

MacGregor, R.R.; Spagnuolo, P.J.; and Lentnek,
A.L. Inhibition of granulocyte adherence by
ethanol, prednisone, and aspirin, measured
with an assay system. N Engl /Mea 291:642-
646,1974.



134 Medical Consequences

MacVane, J.; Butters, N.; Montgomery, K.; and
Farber, J. Cognitive functioning in men social
drinkers: A replication study. J Stud Alcohol
43:81-95,1982.

Maddrey, W.C. Alcoholic hepatitis: Clinico-
pathologic features and therapy. Semin Liver
Dis 8(1):91-102,1988.

Mak, K.M.; Leo, M.A.; and Lieber, C.S. Alcoholic
liver injury in baboons. Transformation of
lipocytes to transitional cells. Gustroenterology
87:188-200,1984.

Mak, K.M., and Lieber, C.S. Lipocytes and transi-
tional cells in alcoholic liver disease. A mor-
phometric study. Hepatology 8:1027-1033,1988.

Mann, R.E.; Smart, R.G.; and Anglin, L. Reduc-
tions in liver cirrhosis mortality and morbidity
in Canada: Demographic differences and pos-
sible explanations. Alcoholism (NY) 12:290-297,
1988.

Mann, R.E.; Smart, R.G.; Anglin, L.; and Rush,
B.R. Are decreases in liver cirrhosis rates a
result of increased treatment for alcoholism?
BY J Addict 83:683-688,1988.

Martin, F.; Ward, K.; Slavin, G.; Levi, J.; and
Peters, T.J. Alcoholic skeletal myopathy, a clini-
cal and pathological study. Q 1 Med 55:233-
251,1985.

Martin, P.R.; Adinoff, B.; Weingarter, H.;
Mukherjee, A.B.; and Eckardt, M.J. Alcoholic
organic brain disease: Nosology and patho-
physiologic mechanisms. Prog Neuropsychophar-
macol  Biol Psychiatry 10:147-X4,1986.

Martinez, I. Retrospective and prospective study
of carcinoma of the esophagus, mouth, and
pharynx in Puerto Rico. Bol Asoc Med P R
62:170-178,197O.

Mauch, T.J.; Donohue, T.M.; Zetterman, R.K.;
Sorrell, M.F.; and Tuma, D.J. Covalent binding
of acetaldehyde selectivity inhibits the catalytic
activity of lysinedependent enzymes. Hepatol-
ogy 6:263-269,1986.

Mauch, T.J.; Tuma, D.J.; and Sorrell, M.F. The
binding of acetaldehyde to the active site of
ribonuclease: Alterations in catalytic activity
and effects of phosphate. Alcohol Alcohol
22:103-112,1987.

Mayer, E.M.; Grabowski, C.J.; and Fisher, R.S.
Effects of graded doses of alcohol upon
esophageal motor function. Gusfroenferology
75:113>1136,1978.

McCoy, G.D., and Wynder, E.L. Etiological and
preventive implications in alcohol carcino-
genesis. Cancer Res 39:2844-2850,1979.

McPhee, M. Treatment of acute pancreatitis. Hasp
Pratt  20:83-94,1985.

Mendelson, J.H.; Mello, N.; Cristofaro, P.;
Ellingboe, J.; Skupny, A.; Plamieri, S.L.;
Benedikt, R.; and Schiff, I. Alcohol effects on
naloxone-stimulated luteinizing hormone,
prolactin and estradiol in women. ] Stud
Alcohol 48:287-294,1987.

Mezey, E. Effect of ethanol on intestinal morphol-
ogy, metabolism, and function. In: Seitz, H.K.,
and Kommerell, B., eds. Alcohol Related Diseases
in Gustroenterology. Berlin: Springer-Verlag,
1985a. pp. 342-360.

Mezey, E. Metabolic effects of alcohol. Federation
Proceedings, Federation of American Societies for
Experimental Biology 44:134-138,1985b.

Mezey, E.; Kolman, C.J.; Diehl, A.M.; Mitchell,
M.C.; and Herlong,  H.F. Alcohol and dietary
intake in the development of chronic
pancreati  tis and liver disease in alcoholism.
Am 1 Clin Nufr 48:148-151,1988.

Miller, N.S., and Gold, MS. The diagnosis and
treatment of alcohol dependence. N] Med
84(12):873-879,1987.

Mills, P.R.; Follet, E.A.C.; Urquhart, G.E.D.;
Clements, G.; Watkinson, G.; and MacSween,
R.N.M. Evidence for previous hepatitis B virus
infection in alcoholic cirrhosis. Br Med ]
282:437-438,1981.

Minato, Y.; Hasumura, Y.; and Takeuchi, J. The
role of fat-storing cells in Disse space fibro-
genesis in alcoholic liver disease. Hepatology
3:559-566,1983.

Moore R.D., and Pearson, T.A. Moderate alcohol
consumption and coronary artery disease: A
review. Medicine65(4):242-267,1986.

Moskovic, S. Effect of chronic alcohol intoxication
on ovarian dysfunction. Srp Arh Celok Lek
103:751-758,1975.

Moskowitz, R.M.; Parent, M.G.; Marshall, R.C.;
Barnett, C.A.; and Errichetti, A.J. Response to
exercise after withdrawal from chronic al-
coholism. Chest 93(6):1190-1195,1988.

Mufti, S.I.; Prabhala, R.; Moriguchi, S.; Sipes, I.G.;
and Watson, R.R. Functional and numerical al-
terations induced by ethanol in the cellular im-
mune system. Immunophwmacology  15:85-94,
1988.

Mutchnick, M.G., and Lee, H.H. Impaired lym-
phocyte proliferative response to mitogen in al-
coholic patients. Absence of a relation to liver
disease activity. Alcoholism (NY) 12(1):155-158,
1988.



Medical Conseauences 135

Nakano, M.; Worner, T.M.; and Lieber, C.S.
Perivenular fibrosis in alcoholic liver injury:
Ultrastructure and histologic progression.
Gustroenferology  83~777-7851982.

Nasrallah, S.M.; Nassar, V.H.; and Galambos, J.T.
Importance of terminal hepatic venule thicken-
ing. Arch P&d Lab Med 104:84-86,1980.

National Institute on Alcohol Abuse and Al-
coholism. Liver Cirrhosis: Morfulify  in the United
States, 1972-86, by Grant, B.F., and Zobeck, T.S.
Surveillance Report No. 11. Rockville, Md.:
NIAAA, 1989.

National Research Council. Alcohol. In: Diet,
Nutrition, and Cancer. Washington, D.C.: Na-
tional Academy Press, 1982. pp. 202-216.

Ng, S.K.C.; Hauser,  W.A.; Brust, J.C.M.; and
Susser, M. Alcohol consumption and
withdrawal in new-onset seizures. N En@]
Med 319:666-673,1988.

Niemel$  0.; Klajner, F.; Orrego, H.; Vidins, E.;
Blendis,  L.; and Israel, Y. Antibodies against
acetaldehyde-modified protein epitopes in
human alcoholics. Hepatology  7(6):1210-1214,
1987.

Nomura, H.; Kashiwagi, S.; Hayashi, J.; Kajiyama,
W.; Ikematsu, H.; Noguchi, A.; Tani,  S.; and
Goto,  M. An epidemiologic study of effects of
alcohol in the liver in hepatitis B surface an-
tigen carriers. Am J Epidemiol128(2):277-284,
1988.

Noth, R.H., and Walter, R.M., Jr. The effects of al-
cohol on the endocrine system. Med Clin North
Am 68:133-146,1984.

Ohnishi, K.; Terabayashi, H.; Unuma, T.;
Takahashi, A.; and Okuda, K. Effects of
habitual alcohol intake and cigarette smoking
on the development of hepatocellular car-
cinoma. Akoholism (NY)  11(1):45-48,1987.

Okamoto, Y.; Fjuimori, Y.; Nakano, H.; and Tsujii,
T. Role of the liver in alcohol-induced altera-
tion of high-density lipoprotein metabolism.
J Lab Clin Med 113(4):482485,1988.

Okeson, G.C., and Divertie, M.B. Cilia and
bronchial clearance: The effects of phar-
macologic agents and disease. Mayo Clin  Proc
45(5):361-372,197O.

Orrego, H., and Carmichael, F.J. Alcohol, liver
hypoxia, and treatment of alcoholic liver dis-
ease with propylthiouracil. Alcoholigu  1(1):15-
30,1989.

Orrego, H.; Blake, J.E.; Blendis,  L.M.; Compton,
K.V.; and Israel, Y. Long-term treatment of

alcoholic liver disease with propylthiouracil.
N Engl  J Med 317:1421-1427,1987.

Orrego, H.; Blendis,  L.M.; Crossley, I.R.; Medline,
A.; MacDonald, A.; Ritchie, S.; and Israel, Y.
Correlation of intrahepatic pressure with col-
lagen in the disse space and hepatomegaly in
humans and in the rat. GasfroenteroZogy80:546-
556,198l.

Parker, D.A.; Parker, E.S.; Brody, J.A.; and Schoen-
berg, R. Alcohol use and cognitive loss among
employed men and women. Am 1 Public  Health
73:521-526,1983.

Parker, D.A.; Parker, E.S.; Harford, T.C.; and
Farmer, G.C. Alcohol use and depression
symptoms among employed men and women.
Am J Public Health 77:704-707,1987.

Parsons, O.A. Cognitive functioning in sober so-
cial drinkers: A review and critique. J Stud AI-
cohol47(2):101-114,1986.

Peng, T-C.; Kusy, RF.; Hirsch, P.F.; and
Hagaman, J.R. Ethanol-induced changes in
morphology and strength of femurs of rats. AI-
coholism  (NY) 12(5):655-659,1988.

Peters, T.J.; Martin, F.; and Ward, K. Chronic al-
coholic skeletal myopathy-common and re-
versible. Alcohol 2:485-489,1985.

Pfefferbaum, A.; Rosenbloom, M.; Crusan, K.;
and Jernigan, T.L. Brain CT changes in al-
coholics: Effects of age and alcohol consump-
tion. Alcoholism (NY) 12(1):81-87,1988.

Polokoff, M.A.; Simon, T.J.; Harris, A.; Simon,
F.R.; and Iwahashi, M. Chronic ethanol in-
creases liver plasma membrane fluidity.
Biochemistry 24:3114-3120,1985.

Popper, H., and Lieber, C.S. Histogenesis of al-
coholic fibrosis and cirrhosis in the baboon.
Am J PathoI98:695-715,198O.

Rajkovic, I.A.; Yousif-Kadaru, A.G.M.; Wyke, R.J.;
and Williams, R. Polymorphonuclear leucocyte
locomotion and aggregation in patients with al-
coholic liver disease. Clin Exp Immunol58:654-
662,1984.

Rees, L.H.; Besser, G.M.; Jeffcoate, W.J.; Goldie,
D.J.; and Marks, V. Alcohol induced pseudo-
Cushing’s syndrome. Lancet  i:726-728,1977.

Regan, T.J., and Morvai, V. Experimental models
for studying the effects of ethanol on the
myocardium. Acta  Med Sad  717fSuppl.
17):107-113,1987.

Reuler, J.B.; Girard, D.E.; and Cooney, T.G.
Wemicke’s encephalopathy. N Engl J Med
312:1035-1039,1985.



136 Medical Conseauences

Ristow, S.S.; Starkey, J.R.; and Haas, G.M. Inhibi-
tion of natural killer cell activity in vitro by
alcohols. Biochem Biophys  Res  Commun
105:1315-1321,1982.

Roberts, J., and Segal,  A.W. The digestion of bac-
terial macromolecules by phagocytic cells: The
effect of mepacrine and ethanol. Immunology
62:581-586,1987.

Ron, M.A. The alcoholic brain: CT scan and
psychological findings. Psycho1  Med Morwgr
Suppl3.  Cambridge: Cambridge University
Press, 1983.

Ron, M.A.; Acker, W.; Shaw, G.K.; and Lishman,
W.A. Computerized tomography of the brain
in chronic alcoholics: A survey and follow up
study. Bruin 105:497-514,1982.

Roselle, G.A., and Mendenhall, C.L. Alteration of
in vitro human lymphocyte function by
ethanol, acetaldehyde and acetate. J Clin Lab
Immunol9:33-37,1982.

Roselle, G.A., and Mendenhall, C.L. Ethanol-
induced alterations in lymphocyte function
in the guinea pig. Alcoholism (NY) 8~62-67,
1984.

Rubin, E., and Lieber, C.S. Alcohol-induced
hepatic injury in nonalcoholic volunteers.
N Engl J Med 278:869-876,1968.

Rubin, E., and Rottenberg, H. Ethanol-induced in-
jury and adaptation in biological membranes.
Federation Proceedings 41:2465-2471,1982.

Sarles, H. Alcoholism and pancreatitis. Scati J
GasfroenferoZ16:193-198,197l.

Savolainen, E.R.; Leo, M.A.; Timpl, R.; and
Lieber, C.S. Acetaldehyde and lactate stimulate
collagen synthesis of cultured baboon liver
myofibroblasts. Gusfroenferology  87:7i’-787,
1984.

Shaper, A.G.; Phillips, A.N.; Pocock, J.; and
Walker, M. Alcohol and ischaemic heart dis-
ease in middle aged British men. BY Med ]
294:733-737,1987.

Sherlock, S. Nutrition and the alcoholic. Lancef
i:436-438,1984.

Singh, M.; Lasure, M.M.; and Bochman, D.E.
Pancreatic cell acinar fraction and morphology
in rats chronically fed an ethanol diet.
Gasfroenferology  82:425-434,1982.

Smart, R.G. Recent international reductions and
increases in liver cirrhosis deaths. Alcoholism
(NY) 12:239-2451988.

Smart, R.G., and Mann, R.E. Large decreases in
alcohol-related problems following a slight

reduction in alcohol consumption in Ontario
197583. Br J Addict 82:285-291,1987.

Smith, F.E., and Palmer, D.L. Alcoholism, infec-
tion, and altered host defenses. Journal of
Chronic Diseases 29:35-49,1976.

Soronson, T.I.; Orholm, M.; Bentson,  K.D.; et al.
Prospective evaluation of alcohol abuse and al-
coholic liver injury in men as predictors of
development of cirrhosis. Luncef ii:214-244,
1984.

Stampfer, M.J.; Cold&, G.A.; Willett, W.C.;
Speizer, F.E.; and Hennekens, C.H. A prospec-
tive study of moderate alcohol consumption
and the risk of coronary disease and stroke in
women. N En@] Med 319(5):267-273,1988.

Starzl, T.E.; Van Thiel, D.; Tzakis, A.G.; Iwatsuki,
S.; Todo,  S.; Marsh, J.W.; Koneru, B.; Staschak,
S.; Stieber, A.; and Gordon, R.D. Orthotopic
liver transplantation for alcoholic cirrhosis.
JAMA  260:2542-2544,1988.

Steer, M.I.; Meldolesi, J.; and Figarella, C.
Pancreatitis. The role of lysosomes. Dig LXs
Sci 29:934-938,1984.

Stigendal, L.; Hermodsson, S.; and Olsson, R.
Prevalence of markers of hepatotrophic viruses
in alcoholics with symptomatic liver cirrhosis
or pancreatitis. Stand  J Gasfroenferol19:588-
590,1984.

Sutker, P.B.; Goist, K.C.; and King, A.R. Acute al-
cohol intoxication in women: Relationship to
dose and menstrual cycle phase. Alcoholism
(NY) 11:74-79,1987.

Szabo, S.; Trier, J.S.; Brown, A.; and Schnoor,  J.
Early vascular injury and increased vascular
permeability in gastric mucosal injury caused
by ethanol in the rat. Gusfroenferology  88:228-
236,1985.

Tabakoff, B.; Hoffman, P.L.; and McLaughlin, A.
Is ethanol a discriminating substance? Semin
Liver Dis 8(1):26-35,1988.

Tarter, R.E., and Edwards, K.L. Multifactorial
etiology of neuropsychological impairment in
alcoholics. Alcoholism (NY) 10(2):128-135,1986.

Tarter, R.E.; Hegedus, A.M.; Van Thiel, D.H.;
Gavaler, J.S.; and Schade, R.R. Hepatic dys-
function and neuropsychological test perform-
ance in alcoholics with cirrhosis. J Stud Alcohol
47(1):74-77,1986.

Tarter, R.E.; Van Thiel, D.H.; Arria, A.M.; Carra,
J.; and Moss, H. Impact of cirrhosis on the
neuropsychological test performance of al-
coholics. Alcoholism (NY)  12(5):619-621,1988.



Medical Consequences 137

Thomson, A.D.; Jeyasingham, M.D.; and Pratt,
O.E. Possible role of toxins in nutritional
deficiency. Am J Clin  Nutr 45:1351-1360,1987.

Thurman, R.G.; Apel,  E.; Badr, M.; and
Lemasters, J.J. Protection of liver by calcium
entry blockers. Ann N Y Acad Sci 522~757-770,
1988.

Torvik, A.; Lindboe, C.F.; and Rogde, S. Brain
lesions in alcoholics. A neuropathological
study with clinical correlations. J Neurof  Sci
56:233-248,1982.

Traber, P.G.; Chianale, J.; and Gumucio, J. J.
Physiologic significance and regulation of
hepatocellular heterogeneity. Gastroenterology
95:1130-1143,1988.

Tuma, D.T., and Sorrell, M.F. Effects of ethanol
on protein trafficking in the liver. Semin  Liver
Dis 8(1):69-80,1988.

Tuyns, A. Epidemiology of alcohol and cancer.
Cancer Res 39:284&2843,1979.

Urbano-Marquez, A.; Estrugh, R.; Navarro-
Lopez, F.; Grau, J.M.; Mont, L.; and Rubin, E.
The effects of alcoholism on skeletal and car-
diac muscle. N Engl] Med 320(7):409-415,1989.

Valimaki, M.; Pelkonen, R.; Salasporo, M.;
Harkonen, M.; Hirvonene, E.; and Ylikahri, R.
Sex hormones in amenorrheic women with al-
coholic liver disease. J Clin  Endocrinol  Mefab
59:133-138,1984.

Van Thiel, D.H. Ethanol: Its adverse effects on the
hypothalamic-pituitary-gonadal axis. J Lab Clin
Med 101(1):21-33,1983.

Van Thiel, D.H.; Gavaler, J.S.; and Lester, R.
Ethanol inhibition of vitamin A metabolism in
the testes: Possible mechanism for sterility in
alcoholics. Science 186:941-942,1974.

Van Thiel, D.H.; Gavaler, J.S.; Tarter, R.E.;
Dindzans, V.J.; Gordon, R.D.; Iwatsuki, S.;
Makowka, L.; and Starzl, T.E. Liver transplan-
tation for alcoholic liver disease: A considera-
tion of reasons for and against. Alcoholism
(NY), 13(2):181-R%&  1989.

Van Thiel, D.H.; Lips&,  H.D.; Porter, L.E.;
Schade,  R.R.; Gottlieb, G.P.; and Graham, T.O.
Gastrointestinal and hepatic manifestations of
chronic alcoholism. Gasfroenferology  81:594-
615,198l.

Van Thiel, D.H.; Smith, W.I., Jr.; Wight, C.; and
Abuid, J. Elevated basal and abnormal
thyrotropin-releasing hormone-induced
thyroid-stimulating hormone secretion in
chronic alcoholic men with liver disease. Al-
coholism (NY1  3:301-308,1979.

Victor, M.; Adams, R.D.; and Collins, G.H. The
Wemicke-Korsakoff  Syndrome. Philadelphia:
EA. Davis, 1971.

Vidins, E.I.; Britton, R.S.; Medline, A.; Blendis,
L.M.; Israel, Y.; and Orrego, H. Sinusoidal
caliber in alcoholic and nonalcoholic liver dis-
ease: Diagnostic and pathogenic implications.
Hepatology  5(3):408-414,1985.

Villa, E.; Bar&i, T.; Grisendi, A.; Bellentani, S.;
Rubbiani, L.; Ferreti,  I.; De Palma,  M.; and
Manenti, F. Susceptibility of chronic symptom-
less HBsAg  carriers to ethanol-induced hepatic
damage. lancet  ii:1243-1244,1982.

Walia, A.S.; Pruitt, K.M.; Rodgers, J.D.; and
Lamon,  E.W. In vitro effect of ethanol on cell-
mediated cytotoxicity by murine spleen cells.
lmmunopharmacology  13:11-24,1987.

Wang, R.; Mallon,  J.; Alterman, A.I.; and
McLellan,  A.T. Alcohol and dilated cardio-
myopathy: Incidence and correlation with
clinical outcome. J Subst  Abuse Treat 4(3-4):209-
213,1987.

Webster, L.A.; Wingo,  P.A.; Layde, P.M.; and
Ory, H.W. Alcohol consumption and risk of
breast cancer. Luncef  ii:724-726,1983.

Weiner, F.R.; Eskreis, D.S.; Compton, K.V.;
Orrego, H.; and Zern, M.A. Haplotype analysis
of a type I collagen gene and its association
with alcoholic cirrhosis in man. Molecular
Aspects of Medicine. Elmsford, N.Y.: Pergamon
Press, 1988. pp. 159-168.

Weisburger, J.H., and Williams, G.M. Carcinogen
testing: Current problems and new ap
proaches. Science 214:401-407,1981.

Wilkinson, D.A., and Carlen,  P.L. Relationship of
neuropsychological test performance to brain
morphology in amnesic and non-amnesic
chronic alcoholics. Acfa Psychiafr Scand  Suppl.
286:89-103,198O.

Wilkinson, D.A., and Carlen,  P.L. Chronic or-
ganic brain syndrome associated with al-
coholism: Neuropsychological and other
aspects. In: Israel, Y.; Glaser, F.B.; Kalant, H.;
Popham,  R.E.; Schmidt, W.; and Smart, R.G.,
eds. Research Advances  in Alcohol and Drug
Problems. Vol. 6. New York: Plenum, 1981.
pp. 107-145.

Williams, H.E. Alcoholic hypoglycemia and
ketoacidosis. Med Clin North Am 68:33-38,
1984.

Williamson, D.F.; Forman,  M.R.; Binkin, N.J.;
Gentry, E.M.; Remington, P.L.; and
Trowbridge, F.L. Alcohol and body weight



138 Medical Consecmences

in United States adults. Am J Public Health
77:1324-1330,1987.

Winship, D.H.; Caflisch,  C.R.; Zboralske, F.F.; and
Hogan, W.J. Deterioration of esophageal peris-
talsis in patients with alcoholic neuropathy.
GustroenteraZogy55:173-178,1968.

Yamada,  S., and Lieber, C.S. Decrease in micro-
viscosity and cholesterol content of rat liver
plasma membranes after chronic ethanol feed-
ing. J Clin Invest 74:2285-2289,1984.

Yiikahri, R.H.; Huttunen, M.O.; Harkonen, M.;
Leino, T.; Helenius, T.; Liewendahl, K.; and

Karonen, S.L. Acute effects of alcohol on
anterior pituitary secretion of the tropic hor-
mones. J Clin  Endocrinol Metab  46715-720,
1978.

Yohman, J.R.; Parsons, O.A.; and Leber, W.R.
Lack of recovery in male alcoholics’ neuro-
psychological performance one year after
treatment. Alcoholism (NY) 9:114-117,1985.

Zetterman, RX.; Luisada-Opper, A.; and Leevy,
C.M. Alcoholic hepatitis. Cell-mediated im-
munological response to alcoholic hyaline.
Gustroenferology  70:382-384,1976.



139

Fetal Alcohol Syndrome
andOherEffectsof  Alcohol
onI3xgnancyoUtcome

Introduction
In 1973 a description of a common pattern of

birth defects observed in children born to al-
coholic mothers was published (Jones and Smith
1973; Jones et al. 1973). The distinct cluster of
symptoms was labeled fetal alcohol syndrome
(FAS). Since these initial reports, a great deal of
clinical and basic research has ensued, firmly es-
tablishing alcohol as a teratogen (i.e., an agent
that produces defects in offspring in uterol.  As a
result of this research, it soon became apparent
that the deleterious effects of in utero alcohol ex-
posure exist on a continuum, ranging from gross
morphological defects at one extreme to more
subtle cognitive-behavioral dysfunctions at the
less severe end. The latter effects have established
alcohol as a behavioral teratogen.

With a preponderance of case reports accumu-
lating it also became apparent that minimal
criteria needed to be established for diagnosing
the syndrome: prenatal and postnatal growth
retardation, a characteristic constellation of
craniofacial anomalies, central nervous system
(CNS) dysfunction, and major organ system mal-
formations (Clarren and Smith 1978; Rosett 1980).
Most recently, computer-assisted quantitative
morphometric techniques have been employed to
refine the diagnostic criteria for FAS (Clarren,
Sampson, et al. 1987). Use of the term “suspected

fetal alcohol effects” (FAE) has been recom-
mended when only some of the criteria for FAS
are met (Clarren and Smith 1978).

Both FAS and FAE represent major public
health problems, with treatment costs for FAS in
the United States estimated at nearly a third of a
billion dollars per year (Abel and Sokol1987;
Sokol and Abel 1988). Moreover, prenatal alcohol
exposure is one of the leading known causes of
mental retardation in the Western world (Abel
and Sokol1986a).  It is not surprising that a great
deal of research has focused on characterizing the
adverse effects of in utero alcohol exposure, as
well as probing for underlying mechanisms.

This chapter is a selective review of recent re-
search reports on the effects of maternal alcohol
consumption on pregnancy outcome, with par-
ticular emphasis on important current work.
Roth clinical and animal research findings are
presented as they relate to FAS as well as to FAE.
Because details of earlier reports on FAS and FAE
were presented in the Sixth Special Report to the
U.S. Congress on Alcohol and Health  (USDHHS
19871, these older reports are cited here only if
they relate to newer findings.

Early estimates of the incidence of FAS were
in the range of 1 to 3 cases per 1,000 live births
(or an average of 1.1 per 1,000). Abel and Sokol
(1987) surveyed 19 worldwide prospective and
retrospective epidemiological studies on FAS
frequency and calculated the incidence to be
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1.9 cases per 1,000 live births (164 identified FAS
cases out of 88,236 live births). Retrospective
studies yielded higher rates than prospective
studies (2.9 versus 1.1 per l,OOO),  and reported
rates were higher in North America than in
Europe and other countries (2.2 versus 1.8 per
1,000).

In addition to the method by which alcohol in-
take is ascertained (prospective versus retrospec-
tive approaches), the study population also
causes great variance in the prevalence of FAS.
For example, when one considers only the popu-
lation of heavydrinking (alcohol-dependent)
women, the incidence rate may be as high as 25
per 1,000 live births (Abel 1984). Furthermore,
most identified cases of FAS in the United States
have come from study sites where the mothers
were black or American Indian and of low
socioeconomic status. The estimated rate at these
sites was 2.6 per 1,000 compared to 0.6 per 1,000
from other study sites where the mothers were
white and of middle socioeconomic status.

As expected, given the less restrictive criteria,
the incidence of FAE is estimated to be much
higher than FAS. Among the general population,
Abel (19841 estimated the incidence of FAE to be
approximately three times greater. The difference
was nearly fourfold in the alcohol-abusing
population.

Clinical Studies
Followup  Sfudies of FAS Children

At 3 to 4 years after the original diagnosis of
72 FAS cases in Germany (Steinhausen et al.
1984), various subgroups of these children were
reexamined (Spohr and Steinhausen 1987). The
patients underwent pediatric, neurological, and
psychiatric assessments; electroencephalograph
(EEG)  recordings; and psychological testing.
Pediatric reexamination of 54 children from this
cohort revealed significant improvements in
craniofacial dysmorphology, muscular hypo-
tonia, and morphometric measures of length,
weight, and head circumference. In addition,
neurologic performance improved and EEG pat-
terns in 45 children were more normal than their
original recordings. These improvements could
not be explained by social background, thera-
peutic measures, sex, or age.

Psychiatric assessment of 28 children at ap-
proximately 8 years of age involved a structured
interview, and symptoms were rated and com-
bined to yield an overall psychopathology score.

Although there was some improvement in the
overall score, FAS children still scored higher
than a control group matched for age, sex, and
socioeconomic status (Steinhausen et al. 1984). Im-
provements were noted in several categories in-
cluding clumsiness, impaired concentration,
difficulties with siblings, temper tantrums, nega-
tive mood, and phobias. However, other
problematic symptoms persisted, such as hyper-
activity, abnormal habits, speech disabilities, and
anxiety. Finally, psychological testing revealed
some improvement on the Columbia Mental
Maturity Scale. However, the authors cautioned
that only some children with subnormal intel-
ligence (IQs of 70 to 851 have improved. The more
severely retarded children (IQs of less than 70)
showed no signs of improvement or were too
handicapped to participate in the test (Spohr and
Steinhausen 1987). Although improvement was
noted on several levels in this study, particularly
those related to physical appearance, cognitive
deficiencies were the most striking features that
persisted: the authors reported that a remarkably
high proportion of the study population required
special educational training. Moreover, the study
revealed that the positive correlation between de-
gree of mental disability and physical dysmor-
phology noted in children initially diagnosed
with FAS persisted over time.

Idenfifj4ng  High -Risk Fucfors  for Fefal
AIcohol  Syndrome

Although FAS has not been reported in
children of “social-” or “moderate-” drinking
women, it has become increasingly apparent that
not all women who drink alcohol excessively
during pregnancy will deliver babies with FAS or
even FAE. In fact, far fewer cases of FAS and FAE
have been reported relative to the frequency of
abusive drinking in pregnant women. For ex-
ample, among 204 women identified as alcohol
abusers (out of more than 12,000 examined in a
large-scale epidemiological study), only 5 (2.5 per-
cent) gave birth to children diagnosed with FAS.
Moreover, when FAE were considered, only 50
percent of the children born to alcohol-abusing
women evidenced adverse effects attributable to
prenatal alcohol exposure (Sokol  et al. 1980).
Similarly, a study on infant neurobehavioral
development revealed that only 5 to 10 percent
of the infants born to women categorized as
“heavier” drinkers during pregnancy (at least
four standard drinks per day) scored abnor-
mally low on mental and psychomotor scales at
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8 months of age (Streissguth et al. 1980). In addi-
tion to these clinical reports, animal research has
indicated variable susceptibility of fetuses to
alcohol’s adverse effects despite presumably
similar levels of exposure.

Other factors in conjunction with the amount
of alcohol intake may influence vulnerability to
alcohol’s teratogenic actions. It is conceivable that
a number of factors, including genetic and mater-
nal variables, may explain why some infants are
spared while others are damaged by heavy drink-
ing during pregnancy. For example, the increased
susceptibility of blacks to the deleterious effects
of prenatal alcohol exposure has been demon-
strated in epidemiological studies (Chavez et al.
1988; Iosub et al. 1985). However, given the ubi-
quity of FAS reports throughout the world, it is
clear that no ethnic or racial groups are immune
to the teratogenic actions of alcohol. Neverthe-
less, additional research aimed at identifying fac-
tors that may place the fetus at greater risk for
FAS or FAE are certainly warranted (Abel and
Sokol1986b;  Sokol and Abel 1988). The informa-
tion gained from such studies undoubtedly will
aid in the task of more specifically targeting
prevention and intervention strategies to those in-
dividuals falling into high-risk categories for FAS.

Another approach to this issue is to develop
better screening techniques for identifying
women who are at high risk for abusive alcohol
consumption throughout their pregnancy. While
many women spontaneously reduce their alcohol
consumption during pregnancy, others continue
to overindulge (Fried et al. 1980; Little and
Streissguth 1978; Weiner et al. 1983). A study was
conducted to determine whether women who
drink throughout pregnancy can be differentiated
from those who discontinue alcohol use some-
time during their pregnancy (Smith et al. 1987).
Of the 267 pregnant women interviewed (primar-
ily during the second trimester), 121 reported
abstinence from alcohol during pregnancy and
were classified as nondrinkers. Based on inter-
views conducted within 3 days after delivery, ap-
proximately two-thirds of the remaining drinkers
(96 out of 146) reported continuing to use alcohol
throughout pregnancy despite having received in-
formation about the harmful effects of prenatal al-
cohol exposure. Analysis of data collected from
the prenatal interviews revealed that women who
continued to drink and those who discontinued
alcohol use did not differ in age, marital status,
number of previous pregnancies, cigarette and
caffeine consumption, amount of alcohol con-
sumed per week (which ranged from 1 to 75

ounces of absolute alcohol), and use of other
drugs. However, the two groups did differ on a
number of other parameters. The best predictors
of continued drinking throughout pregnancy
were the length of drinking history, reported
tolerance to alcohol, a history of alcohol-related
illness, and a preferred social context of drinking
with other family members.

These results suggest that a number of biologi-
cal (i.e., medical) and behavioral factors may be
useful for identifying women at greater risk for
continued alcohol abuse throughout pregnancy.
The importance of identifying and targeting these
high-risk women for intensive prevention efforts
is perhaps best underscored by the fact that preg-
nancy outcome was found to be significantly com-
promised-that is, there was greater frequency of
intrauterine growth retardation, dysmorphology,
and neurobehavioral alterations-in women who
continued to drink throughout pregnancy in com-
parison to the nondrinkers and those who discon-
tinued drinking sometime during pregnancy
(Coles et al. 1985,1987; Smith et al. 1986).

Sokol and his colleagues developed a simple
and brief questionnaire appropriate for detecting
heavy alcohol drinking in pregnant women
(Sokol et al. 1989). The test instrument, referred to
as T-ACE (from the four test questions pertaining
to alcohol tolerance, annoyance by criticism, cut-
ting down, and eye openers), was found to iden-
tify correctly 69 percent of the “risk drinkers”
(defined as consuming 1 ounce of absolute al-
cohol per day) out of a cohort of 971 pregnant
women. Moreover, the T-ACE test was found to
be superior to other standard instruments used
for detecting alcohol abuse, such as MAST and
CAGE tests (see chapter VIII), in identifying risky
drinking behavior. Because the test is brief, the in-
vestigators suggested that it may be a useful
screen that can be easily administered in prenatal
clinics and obstetrics and gynecology offices.
Data on pregnancy outcome in this cohort will be
required to further link the identified maternal
risk factor to infant outcome. Nevertheless, pend-
ing further validation with other sample popu-
lations, broad application of this test might
significantly contribute to better risk identifica-
tion, appropriately targeted prevention efforts,
and improved pregnancy outcome.

Effects of f owef f eve/s of Alcohol
Drinking During Pregnancy

With the accumulation since 1973 of a large
number of case reports on children with FAS, it
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has become apparent that these severely affected
children are born to only those mothers who con-
sume large amounts of alcohol daily during preg-
nancy. However, it is now generally accepted
that the adverse effects of prenatal alcohol ex-
posure exist on a continuum, with the complete
FAS representative of one extreme and incom-
plete features of FAS, including more subtle
cognitive-behavioral deficits, existing on the
other end of the spectrum. Thus attention also
has been focused on the effects of more moderate
drinking on pregnancy outcome.

However, because the effects of lower levels
of maternal drinking during pregnancy are more
subtle and variable, as well as more neuro-
behavioral than physical, they are more difficult
to detect and attribute to in utero exposure. This
difficulty has necessitated the use of prospective
longitudinal studies involving large sample
populations and sophisticated statistical treat-
ment of data to control for a variety of lifestyle
factors.

One such study has been the ongoing Seattle
Pregnancy and Health Study (Streissguth  et al.
1981). In this longitudinal study, 1,529 women
were given structured interviews during the fifth
month of pregnancy about their alcohol, tobacco,
and other drug use, as well as about a variety
of other lifestyle characteristics. Of this large
sample, a cohort of approximately 500 children
born to these mothers were selected for followup
analysis at birth, 8 and 18 months of age, and
4 and 7 years of age. Followup studies have now
been completed through age 7. The relatively
high rate of followup in this large-scale longi-
tudinal study was achieved by extensive outreach
activities.

The mothers of this cohort were primarily
white (87 percent), married (86 percent), and mid-
dle class (81 percent). The average maternal age
during pregnancy was 26, and 86 percent of the
mothers had graduated from high school. The
self-reported levels of alcohol consumption
varied widely, and the group was stratified into
three levels according to the amount of alcohol
consumed during pregnancy and in the weeks
before recognition of pregnancy. Alcohol con-
sumption was expressed as the average daily in-
take of absolute alcohol, and the three levels of
maternal drinking were defined as light (less than
0.1 ounce per day), moderate (0.1 to 0.9 ounces
per day), and heavy (1 ounce or more per day).
For the cohort that was studied at 7 years of age,
light, moderate, and heavy maternal drinking pat-
terns represented 49,32,  and 19 percent of the

sample population, respectively. Twenty-seven
percent were total abstainers, whereas 5 percent
of the mothers reported drinking at least 2 ounces
of absolute alcohol per day.

The most recent findings from the Seattle longi-
tudinal study (Streissguth et al. 1986) indicate
that the effects of heavy maternal alcohol con-
sumption during pregnancy endure in children in
their school-age years. Children from the original
cohort were given a computerized continuous
performance test (CM?.  This vigilance task re-
quires the subjjt to respond by pressing a button
immediately after the letter “X” is displayed on a
screen. A more difficult phase of the test requires
the subject to respond to the presentation of the
letter “X” only where preceded by the letter “A.”
As a measure of distractibility, the ability to per-
form the task while the computer generated click-
ing sounds was periodically assessed as well.
Prenatal alcohol exposure was found to be re-
lated significantly to increased CPT errors of com-
mission (responding at inappropriate times) and
slower reaction times. Children of the heavier-
drinking mothers were also more likely to be
distracted by the computer-generated noises
Wreissguth  et al. 1986). These persistent atten-
tional decrements, distractibility, and slower reac-
tion times may have ramifications with regard to
classroom learning.

In all phases of this longitudinal study, alcohol-
related effects were identified after statistical
analyses were conducted to adjust for a variety
of covariates including other drug exposures,
postnatal conditions, and demographics. In ad-
dition, while children of the heavierdrinking
mothers were most affected (they showed
measurable decrements in performance on a tten-
tion and vigilance tasks at ages 4 and 7), these
children were otherwise clinically normal. How-
ever, the investigators clearly cautioned against
premature generalizations and interpretation of
these results for several reasons. First, informa-
tion on the amount of alcohol consumed was ob-
tained by self-report and thus represents only a
general estimate of actual exposure. Although
these self-reports may be considered fairly ac-
curate because the women were interviewed at a
time when there was no information available
about moderate drinking and pregnancy out-
come (1974-75),  it is important to recognize that
the measures of estimated daily alcohol intake
were averaged across a variety of drinking pat-
terns, both between and within individual
women. Second, the neurobehavioral decrements
noted in these children were relatively small and
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therefore required a large sample size to achieve
statistical significance. Third, the findings of this
study pertain to children tested under laboratory
conditions; the significance of these deficits for
the,individual  child in natural settings is difficult
to assess at present. Finally, future studies will
need to address how long these attentional
deficits persist and if they do in fact hamper
classroom learning and school performance.

Other studies have reported similar neuro-
behavioral deficits and intrauterine growth retar-
dation in infants born to mothers who were
moderate consumers of alcohol during pregnancy
(Coles et al. 1985; Little et al. 1986).  Coles et al.
(1987) examined whether abstaining from alcohol
during the second trimester would improve preg-
nancy outcome. As part of a longitudinal re-
search project, women applying for prenatal care
at an inner-city hospital in Atlanta (serving a
predominantly black and lower socioeconomic
population) were screened for alcohol use. The
mothers included those who never drank during
pregnancy, those who drank an average of ap-
proximately 14 ounces of absolute alcohol a week
(roughly four standard drinks per day) through-
out pregnancy, and those who drank the same
amount but quit by the second trimester. Heal-
thy, full-term infants bon to these mothers were
examined for behavioral alterations at 3,14, and
30 days of age using a standard infant assessment
scale (Brazelton Neonatal Behavioral Assessment
Scale).

None of the babies evidenced growth retarda-
tion, dysmorphic features, or any other signs of
FAS. However, infants who had been prenatally
exposed to alcohol had suboptimal neuro-
behavioral responses in comparison to infants
who had not been prenatally exposed to alcohol.
This finding was true of infants whose mothers
had quit drinking by the second trimester and of
infants whose mothers drank throughout preg-
nancy. However, the infants whose mothers had
continued drinking into the second trimester
scored significantly lower on tests of orientation
toward visual and auditory stimuli, motor perform-
ance, and autonomic regulation. Some of these ef-
fects in the continuously exposed infants may
have been related to neonatal alcohol withdrawal
during the first few days of life (Coles et al. 1984),
but a followup  examination at 30 days of age
revealed persistent behavioral alterations in these
infants. In contrast, the infants who had not been
exposed to alcohol since the end of the first
trimester showed more recovery of reflexive
behavior and autonomic control during those

30 days. These findings are consistent with the
view that moderate prenatal alcohol exposure
throughout gestation that does not result in physi-
cal abnormalities can have negative effects on
behavior that are evident at, and persist beyond,
birth.

However, many of the previously mentioned
caveats may be applied to these studies as well,
and so it has been difficult to gauge clinically the
impact of low-level maternal drinking on preg-
nancy  outcome. In particular, since all these
studies rely on self-reported alcohol usage and
the data are typically averaged over a period of a
week or more (masking different drinking pat-
terns), it is not possible to identify a particular
level,of  social or moderate drinking during preg-
nancy that will not confer some degree of risk to
the unborn child.

Critical Periods And Threshold Doses

Given the compelling evidence for alcohol’s
status as a teratogen, it is not surprising that is-
sues pertaining to critical periods of exposure
and threshold doses have been of great concern
to both scientists and the public. However, ques-
tions such as How much alcohol is too much?
and When is the fetus at greatest risk? or con-
versely, What level of alcohol drinking is safe?
and When is the unborn child less likely to be af-
fected? have proven difficult to address in clinical
studies. Although some studies have begun to ad-
dress these issues (Ernhart et al. 19871,  the major
problem with such studies stems from the lack of
a specific physiologic measure that accurately
reflects alcohol consumption.

This problem is not unique to the area of fetal
alcohol research. Indeed, there is no such biologi-
cal marker available for the~measurement  of al-
cohol intake in the general population. Because of
the relatively short biological half-life of alcohol
and the infeasibility of repeated blood sampling,

clinical investigations have had to rely on self-
reports of alcohol intake. Moreover, as public
awareness increases about the dangers of drink-
ing during pregnancy, the veracity of these
self-reports may be questionable because of
psychological denial and guilt. when  quantita-
tive reports of alcohol use obtained during preg-
nancy were contrasted with retrospective reports
obtained 5 years later, marked discrepancies were
found suggesting significant underreporting
during pregnancy, and particularly so for women
whose alcohol problems were identified through
a screening instrument (Err&art et al. 1988;
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Morrow-Tlucak et al. 1989). Thus underreporting
of alcohol use in pregnancy represents a real con-
cern, particularly with regard to the establishment
of related risk levels.

Some researchers have attempted to deal with
this problem by framing the questions about al-
cohol drinking in a manner that does not trigger
denial (Sokol et al. 19891 and by using a ‘bogus
pipeline” technique in which the patient is led to
believe that her behavioral self-report on alcohol
use will be confirmed by a blood or urine test
(Lowe et al. 19861. However, short of a physiologi-
cal measure, the accuracy of self-estimates of al-
cohol intake, particularly during pregnancy,
remains problematic with regard to assessing
threshold levels and critical periods of fetal risk.
For these reasons, along with others yet to be
described in this chapter, the use of animal
models appears to offer a distinct advantage for
studying FAE and, in particular, issues pertaining
to critical periods and threshold doses.

Indeed, animal research has shown that dif-
ferent profiles of alcohol-related birth defects are
related to critical periods for specific aspects of
fetal development (Randall 1987). In fact, as is the
case with other classic teratogens, the nature of
the birth anomalies appears to be not so much re-
lated to the teratogen itself as to when the phar-
macologic or toxicologic insult occurs during
fetal development. Thus it perhaps is not surpris-
ing that heavy chronic alcohol consumption
throughout pregnancy results in a wide variety
of effects ranging from structural anomalies to
growth retardation (collectively characteristic of
FAS). On the other hand, episodic binge drinking
at high levels results in partial expression of the
syndrome, with the abnormalities being unique
to the period of exposure.

Critical dosages or exposure levels have been
much more difficult to establish. Given the enor-
mous range of defects that result from prenatal al-
cohol exposure, a unitary level of fetal risk may
be unreasonable. That is, different aspects of
development may be sensitive to different levels
of exposure. As expressed by Clarren, Bowden,
and Astley (1987, p. 345),  “It is probable that
there is no single dose-response relationship for
ethanol teratogenesis, but rather that each abnor-
mal outcome in brain structure or function, mor-
phology, and growth has its own dose-response
and gestational timing parameters.”

Moreover, recent studies with rats have sug-
gested that peak blood alcohol levels, rather than
the amount of alcohol consumed per se, repre-
sent the “critical dosage” factor. West and his

colleagues showed that the degree of alcohol-
induced microencephaly was dependent on the
pattern in which alcohol was administered
(Pierce and West 1986a,bl. That is, brain growth
was significantly retarded when alcohol was ad-
ministered to rat neonates (at a time correspond-
ing to their brain growth spurt period) in a
condensed fashion, so that blood alcohol levels
cycled with high peaks (270 milligrams per
deciliter). However, a minimal effect on brain
growth was observed when the same dose of al-
cohol was spaced over a longer period of time so
that blood alcohol levels were low (46 milligrams
per deciliter) and stable with time. Similarly, a
pattern of alcohol administration that resulted
in high peak blood alcohol levels was found to
result in the greatest functional (behavioral)
deficits (Goodlett  et al. 1987; Kelly et al. 1987,
1988).

These results have important clinical implica-
tions with regard to establishing relevant
thresholds for humans. A host of factors can
influence blood alcohol levels in both the mother
and the fetus. For example, higher blood alcohol
levels are achieved following episodic or binge
drinking, particularly if alcohol is consumed on
an empty stomach rather than after a meal. Thus,
given the large number of variables that impact
on the pharmacokinetics of alcohol (including
individual differences in alcohol distribution and
metabolism), identifying and demarcating a criti-
cal exposure level for the wide range of alcohol’s
teratogenic actions may be an unrealistic goal. It
is nevertheless still important to identify and in-
vestigate maternal and fetal risk factors that
render some individuals more susceptible than
others to the deleterious effects of prenatal
alcohol.

Research on the
Effects of Prenatal
Alcohol Exposure
in Animal Models

Since the “formal” identification of FAS in
1973 (Jones  et al. 19731, interest in developing and
studying animal analogues  of the clinical situa-
tion under laboratory conditions has increased,
giving rise to a thriving area of research. Animal
research has played a major role in advancing
our knowledge of the myriad detrimental conse-
quences that follow prenatal alcohol exposure.
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Most importantly, the use of animal models has
firmly established the teratogenic actions of
alcohol by controlling for other potentially con-
founding variables, such as malnutrition, poor
rearing (environmental) conditions, disease,
smoking, and other drug use. In fact, under con-
trolled laboratory conditions, alcohol-related
birth defects have been demonstrated in a num-
ber of species including chickens, mice, rats,
guinea pigs, dogs, and monkeys.

In some cases, findings generated from animal
laboratory studies have helped guide clinicians in
identifying defects previously not documented in
children of alcoholdependent mothers. For in-
stance, renal defects were first observed in mice
prenatally exposed to alcohol (Randall et al.
1977). After that report, kidney anomalies were
searched for and found in children with FAS
(Debeukelaer et al. 1977). A similar sequence of
events applies to the discovery of auditory im-
pairments in FAS children (Church 1987).

In addition, using animal models to study the
effects of in utero alcohol exposure has allowed
for a more mechanistic level of analysis. For ex-
ample, neuroanatomical and neurochemical sub-
strates of observed behavioral abnormalities can
be elucidated and studied more directly in
animals, whereas such studies in humans are ob-
viously limited for a variety of reasons, including
ethical considerations. Similarly, animal models
have been developed to examine biochemical
events underlying the structural teratogenic ef-
fects of alcohol. with continued refinement of
these animal model systems, more sophisticated
issues related to the etiology of alcohol-related
embryopathology are currently being addressed.
These research efforts ultimately may contribute
to the development of therapeutic interventions
or prevention strategies.

For a variety of reasons (including economy),
rodents have been the most commonly studied
species. In fact, research with mouse and rat
models has provided a wealth of information
with regard to the immediate as well as long-
term consequences of prenatal alcohol exposure.
Moreover, in reviewing the literature, one is
struck by the remarkable similarity in findings
from research with rodent models and human
clinical studies. Some of the more recent research
findings are outlined in the following paragraphs.

Sensorimotor Effects

A variety of sensorimotor deficits have been
identified in children with FAS. These include

visual, auditory, vestibular, and motor coordina-
tion problems.

Visual System
Visual system anomalies are very common in

FAS. Aside from the facial or morphologic malfor-
mations that comprise some of the craniofacial
features used for FAS diagnosis (microphthalmia,
ptosis, and short palpebral fissures), disorders of
ocular muscle coordination and defects of several
intraocular structures have been reported as well.
Strabismus or esotropia (crossed eyes), optic
nerve hypoplasia (a reduction in the number of
optic nerve axons), and abnormal vasculature in
the retina have been most frequently observed
(Stromland  19871. All of these defects contribute
to compromised visual acuity, typically myopia
(nearsightedness). Although a similar pattern of
ocular facial features has been obtained in animal
models (Sulik and Johnston 1983),  little attention
has been given to the pathogenesis of these oph-
thalmologic abnormalities. In a recent prelimi-
nary study, a combination of autoradiographical,
histological, and morphometric techniques was
employed to study patterns of neural cell
proliferation and death in the eyes of mouse
embryos after alcohol exposure <Kennedy and
Elliot 1986). A single high dose of alcohol
(5.2 grams per kilogram of body weight), or
saline, was administered intraperitoneally on
day 13 of pregnancy (the critical period for ocular
development in the mouse). At 24 hours after
treatment, alcohol-exposed embryos evidenced
an increase in neuronal  cell death and cell loss in
the retina, as well as a sevenfold increase in dura-
tion of the neuronal  cell cycle in comparison to
controls. At 48 hours after treatment, a 25- to
29-percent reduction in the thickness of the
neuronal  layer of the retina and a 16 to 30-per-
cent reduction in the size of the eyeball were ob-
served in alcohol-exposed embryos. In another
study, the rate of myelination of optic nerve
axons was shown to be retarded in rats whose
mothers consumed alcohol during pregnancy
(Samorajski et al. 1986). These results suggest
that an increase in retinal cell loss along with im-
paired cell replication due to prolongation of the
cell cycle and hypomyelination of optic nerve
axons may contribute to the pathogenesis of
ocular abnormalities seen in FAS.

Auditory System
At least one report suggests that the incidence

of auditory problems might be quite high in FAS
children (Church 1987). In that study, 90 percent
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of the 12 FAS children examined had some de-
gree of hearing loss. It also appears that prenatal
alcohol exposure can have negative impact at
various levels of the auditory system. By measur-
ing electrical activity in the brainstem in response
to high-frequency clicking sounds, Church and
Holloway (1984) found evidence of sensorineural
hearing loss in rats prenatally exposed to alcohol.
A followup study (Church 1987) showed that the
processing of auditory information at the cortical
level, as measured by cortical auditory-evoked
potentials, was disrupted in rats prenatally ex-
posed to alcohol in comparison to control off-
spring. These results have important clinical
implications because good hearing is essential
for normal speech and language development
in children.

Vestibular and Motor Systems
A variety of vestibular and motor coordination

problems have been associated commonly with
FAS. For example, Marcus (1987) reported on five
FAS children who showed signs of axial ataxia
and kinetic tremor. These motor problems are
typically indicative of a dysfunctional cerebellum
(a part of the brain that controls motor coordina-
tion). In reviewing 16 human FAS autopsies,
Clarren (1986) also reported that cerebellar dys-
genesis was found in 10 of the cases.

In an attempt to develop an animal model that
approximates the motor dysfunctions observed in
FAS children, Hannigan and Riley (1988) inves-
tigated the effects of prenatal alcohol exposure on
the integrity of walking gait in rats. The inves-
tigators placed black ink on the hindpaws of th.e
offspring and then had them walk down a paper-
lined runway. Measures of stride length, stance
width, step angle, and gait symmetry were taken
from the footprints. The results indicated that
adult rats whose mothers had consumed alcohol
as 35 percent of their total calories during preg-
nancy exhibited a decrease in gait symmetry in
comparison to control rats whose mothers con-
sumed the identical number of calories during
pregnancy, but no alcohol. These results are
similar to previous studies in which rats pre-
natally exposed to alcohol exhibited greater motor
incoordination and delayed development of
motor reflexes (Abel and Dintcheff 1978; Lee et al.
1980).  All of these effects resemble the motor dys-
functions that occur after disruption of cerebellar
maturation, and prenatal alcohol exposure has
been shown to have a deleterious effect on
cerebellar development (Mohamed et al. 1987;
Nathaniel et al. 1986; Phillips 1986). Whether the

motor defects observed in animals prenatally ex-
posed to alcohol are, in fact, related to altered
cerebellar morphology requires further study.

Neonatal Behavioral Effects

Fetal Movement
Although the pernicious effects of prenatal al-

cohol exposure have been well characterized in
offspring after birth, very little is known about
how fetuses respond to alcohol in the womb.
However, a procedure that allows direct observa-
tion of rat fetuses in utero has been employed to
study the effects of alcohol administered to the
mothers (Smotherman et al. 1986). Rats were in-
tubated  with alcohol or saline on the 19th day of
pregnancy or received daily intubations on gesta-
tion days 15 to 19. Four hours after intubation on
the 19th day of gestation, a cesarean  section was
performed and the mother’s uterus was external-
ized and allowed to float in a warm water bath so
that fetal activity could be observed. A single in-
tubation of 4 grams of alcohol per kilogram of
body weight produced a 51-percent reduction in
overall fetal activity. The fact that behavioral sup-
pression was observed after chronic alcohol ex-
posure (five daily intubations) suggests that the
fetal response to alcohol shows no signs of adap-
tation or tolerance. These results provide the
most direct evidence that maternal ingestion of al-
cohol influences fetal behavior in utero. They also
are consistent with a study indicating altered
human fetal ‘breathing movements” monitored
indirectly in mothers who had just consumed al-
cohol (McLeod  et al. 1983).

Suppressed fetal movement also has been as-
sociated with shortened umbilical cord length.
For example, human infants born with limb
defects that restrict fetal movement also have
shortened umbilical cords (Miller et al. 1981).
Because prenatal alcohol exposure was found to
reduce fetal activity in rats, these offspring would
be expected to be born with shorter umbilical
cords than controls. This prediction was, in fact,
supported by a study in which the umbilical
cords of fetal rats born to mothers who consumed
alcohol during their pregnancy were found to be
significantly shorter than the cords of control
fetuses (Barron  et al. 1986). This difference in um-
bilical cord length could not be attributed to dif-
ferences in body weight.

Taken together, these results related to fetal
activity, whether observed directly or inferred
from umbilical cord length, have important im-
plications because reduced fetal activity in utero
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has been shown to have profound effects on mor-
phological development in animals and humans.
For example, fetal inactivity resulting from con-
genital myopathy or neural dysfunction can
cause physical anomalies and growth retardation
(Moessinger  et al. 1982). In addition, direct obser-
vation of fetal behavior revealed that the adap
tive response patterns to brief, experimentally
induced hypoxia were diminished in intensity
and duration among fetuses exposed to alcohol
in utero (Smotherman and Robinson 1987). Thus
altered fetal activity as a result of in utero alcohol
exposure may be a contributing factor in the etiol-
ogy of FAS.

Feeding Behavior
Human infants prenatally exposed to alcohol

have been characterized as poor feeders, exhibit-
ing a weak sucking response and irregular suck-
ing patterns early in life (Martin et al. 1979; Van
Dyke et al. 1982). Chen et al. (1982) found that rat
pups exposed to alcohol in utero took longer to at-
tach to the nipple of a female than control pups.
These findings have been extended by directly
measuring suckling pressure in alcohol-exposed
and control rat neonates (Rockwood and Riley
1986). As has been reported in human infants
prenatally exposed to alcohol (Martin et al. 19791,
rat pups exposed to alcohol in utero spent less
time suckling and displayed weaker suckling
pressure with an altered pattern of suckling in
comparison to controls. These human and animal
data suggest that inferior feeding behavior results
from in utero alcohol exposure and in turn may
contribute importantly to the postnatal growth
retardation commonly seen in FAS and FAE
offspring.

Temperature Regulation
The ability of a newborn to regulate its body

temperature in a constantly varying environment
is crucial for survival. Because infants with low
birth weights appear to be exceptionally sensitive
to fluctuating ambient temperatures (Avery and
Taeusch 19841,  and because low birth weight is a
consistent hallmark of FAS (Clarren  and Smith
19781, altered thermoregulation in babies born to
alcohol-dependent mothers may contribute to the
increased morbidity observed in this population.
To examine this possibility, Zimmerberg and col-
leagues (Zimmerberg,  Ballard, and Riley 1987;
Zimmerberg, Be&stead, and Riley 1987) tested
whether prenatal alcohol exposure impaired the
ability of rat neonates to regulate their body
temperature.

Pregnant rats were fed a liquid diet during
pregnancy in which 35 percent of the calories
were alcohol or, in the control situation, sucrose.
A third group was fed standard rodent chow and
water. Rat pups from each group were removed
from their nests and placed in a temperature-
controlled environment where their body
temperatures were monitored for 4 hours. In a
second experiment, the pups were tested for their
ability to modulate their body temperature be-
haviorally. Thermotactic behavior was assessed
by placing the pups on a walkway that was dif-
ferentially heated to produce a temperature
gradient from one end to the other.

Although body temperature fell in all pups
after removal from the nest at 5 and 10 days of
age, alcohol-exposed offspring consistently had
lower temperatures during the test period and
were slower to move to and huddle against a
wall as a means of conserving body warmth
in comparison to control pups. The difference
in body temperature was no longer evident at
20 days of age, suggesting that prenatal alcohol
exposure produced a developmental delay in
thermoregulation. In addition, after being placed
on the cool end of a thermal gradient, the alcohol-
exposed pups moved farther toward the warm
side than controls, suggesting that alcohol-
exposed pups compensated behaviorally for the
greater heat loss they experienced. Taken
together, these data indicate that prenatal alcohol
exposure impairs the ability of rat neonates to
defend their body temperature and hence may
underlie the altered thermal response to drug
challenges observed in these animals later in
adulthood (Abel et al. 1981; Nelson et al. 1986;
Taylor et al. 1981,1987).

f ong-Term Behuvjofd Effecfs

One of the advantages of using laboratory
animals in prenatal alcohol research is that the
long-term effects of such treatment can be

studied in a relatively shorter period of time than
would be possible in humans. For example, Abel
et al. (1987) reported on longevity associated
with prenatal alcohol exposure in rats. These re-
searchers found that in utero alcohol exposure
significantly shortened the life span of laboratory
rats by as much as 20 weeks (the approximate
equivalent of one-seventh of a laboratory rat’s
life).

As outlined so far in this chapter, prenatal al-
cohol exposure has been shown to have adverse
effects on a variety of neonatal behaviors that are
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vital for normal growth and development in
animals and humans. These include motor dys-
functions, impaired feeding, and learning dis-
abilities. In fact, prenatal alcohol exposure has
been shown to produce deficits in associative
learning in rats as early as 3 days of age (Barron
et al. 1988). Many of the behavioral teratogenic
effects of alcohol have been reported to be tran-
sient. That is, the effects appear to diminish with
age, suggesting that prenatal alcohol exposure
produces a developmental delay in CNS matura-
tion (Abel 1982). Of course, some of this “nor-
malization” of function may be due to the
development of independent compensatory
strategies designed to cope with and overcome
the disabilities. Whether the recruitment of such
compensatory mechanisms compromises the
ability to perform other more complex functions
later in life is not clear at present.

Nevertheless, animal research has revealed
that some of the behavioral dysfunctions ob-
served in young offspring are permanent, persist-
ing into adulthood. For example, under particular
testing conditions, behavioral abnormalities such
as hyperactivity, tendency toward perseveration,
and impaired performance in learning tasks have
been observed in adult animals that were prena-
tally exposed to alcohol (Abel 1979; Abel and
Dintcheff 1986a; Middaugh and Ayers 1988;
Plonsky and Riley 1983; Randall et al. 1986). That
some of these effects have been recently noted in
rats more than a year old (Abel and Dintcheff
1986a,b)  further attests to the permanence of
these functional deficits. These findings also
complement those of clinical studies that have
revealed persistent attentional deficits in children
of alcoholic mothers (Aronson et al. 1985; Spohr
and Steinhausen 1987; Streissguth et al. 1984,
1986). Taken together, both basic and clinical
studies have clearly established the long-lasting
detrimental consequences of prenatal alcohol ex-
posure. Studies aimed at distinguishing between
those deleterious effects of in utero alcohol ex-
posure that wane with maturity from those that
are enduring are of particular clinical relevance,
because the information gained from such studies
would undoubtedly be important for targeting
treatment and therapy for the affected children.

Effecfs  on Stress Responsiveness

When placed in a stressful or dangerous situa-
tion, animals and humans respond similarly with
the so-called “fight or flight” reaction. That is, the
situation is either confronted (fight) or avoided

(flight). In either case, myriad physiological and
behavioral events are set in motion to ready the
body for its response. One physiological com-
ponent of the stress response is the stimulation of
brain structures (hypothalamus and pituitary)
that in turn activate the adrenal cortex to release
corticosteroid hormones. Thus activation of the
hypothalamic-pituitary-adrenocortical (HPA)
axis, as measured by elevated levels of plasma
corticosteroids, serves as a good index for assess-
ing the ability of animals (including humans) to
cope with a stressful event. In a recent series of
studies, animal models were employed to ex-
amine the influence of prenatal alcohol exposure
on the development of the I-IRA axis in offspring
and to examine the activity of prenatal alcohol
exposure under nonstressful and stressful
conditions.

In one study, the effects of alcohol consump-
tion on maternal HPA activity during pregnancy
were assessed in a group of pregnant rats that
consumed 36 percent of their total calories dur-
ing pregnancy as alcohol, a second group that
received the identical number of calories but
with sucrose substituted for the alcohol-derived
calories, and a third group that were maintained
on standard chow and water (Weinberg and
bezio 1987). Alcohol consumption significantly
increased maternal HPA activity, as indicated
by elevated basal and stress-induced levels of
plasma corticosteroids. It is important that this
adrenocortical hyperactivity was shown not to be
related to the nutritional status of the mothers, be-
cause neither suboptimal nor supraoptimal
amounts of protein in the diets influenced the
results. It is also significant that alcohol consump-
tion during pregnancy was found to elevate
maternal plasma corticosteroid levels during a
period of time (gestation days 11-21)  that cor-
responds with critical stages in the development
of the fetal HPA axis. Thus the fetal HPA system
may be altered as a function of maternal alcohol
consumption because (a) alcohol can readily
cross the placenta and directly activate the fetal
HPA axis (which is functional before birth) and
(b) elevated maternal corticosteroids (which also
cross the placenta) may suppress fetal HPA ac-
tivity. The investigators postulated that through
some balance between these interacting prenatal
influences, the fetal HPA axis may be perturbed
as a result of maternal alcohol consumption
(Weinberg and Bezio 1987).

Indeed, several studies have demonstrated
that prenatal alcohol exposure influences the
HPA axis in offspring after birth and later in
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adulthood. For example, it has been shown that
plasma, brain, and adrenal corticosteroid levels
are significantly higher in rats prenatally ex-
posed to alcohol in comparison to controls at
birth (Kakihana et al. 1980; Taylor, Branch,
Cooley-Mathews, and Poland 1982; Weinberg
1989). During the first week of life, alcohol-
exposed pups exhibited a blunted response to
several stressors; the stress response was some-
what normal by the second week of life (Taylor
et al. 1986; Weinberg 1989). However, this pertur-
bation in basal and stress-related HPA activity
early in life also has been shown to have long-
term consequences on the manner in which these
animals respond to stress in adulthood.

Although basal plasma corticosteroid levels
are normal in adult rats prenatally exposed to
alcohol, several studies have demonstrated
that these animals exhibit a heightened stress
response (elevated plasma corticosteroid levels)
in comparison to control offspring. This aug-
mented physiological response in adult rats
prenatally exposed to alcohol was observed after
exposure to a variety of sensory and emotional
stimuli or situations, including noise, shaking,
electric footshock, physical restraint, and being
placed in a novel environment (Nelson et al. 1986;
Taylor et al. 1981; Taylor, Branch, Liu, and Kokka
1982; Weinberg 1988). Similar results have been
obtained after challenges with drugs such as
ethanol and morphine (Nelson et al. 1986; Taylor
et al. 1981). Moreover, recovery from the stress
response was found to be retarded in offspring
prenatally exposed to alcohol, and these animals
were also shown to be less sensitive to manipula-
tions that typically dampen the stress response
(Weinberg 1988; Weinberg and Gallo 1982). It is
interesting that the stress response to environ-
mental or metabolic stressors, such as being ex-
posed to a cold environment or fasting, did not
differ between alcohol and control offspring
(Taylor, Branch, Liu, and Kokka 1982). It appears
that hyperresponsiveness to stress in prenatal
alcohol-exposed offspring depends on the nature
of the stressor  itself.

The mechanism or mechanisms whereby al-
cohol exposure during fetal life heightens the
HPA response to certain stressors later in adult-
hood are not clear at present. Some preliminary
data have suggested that the effect may be
centrally mediated because adrenal sensitivity to
adrenocorticotropic hormone (ACTI-I),  which is
released by the pituitary and stimulates the
production and secretion of corticosteroids from
the adrenal cortex, is not altered as a function of

prenatal alcohol exposure (Taylor, Branch, Lin,
and Kokka 1982). On the other hand, elevated
plasma ACTH levels were noted concomitant
with higher plasma corticosteroid levels in rats
prenatally exposed to alcohol following foot-
shock stress (Nelson et al. 1986). Clearly, addi-
tional research will be needed to identify more
specifically whether the pituitary and/or higher
brain structures are altered in this capacity as a
function of in utero alcohol exposure.

In addition to the enhanced hormonal (cortico-
steroid) response to stress, adult rats prenatally
exposed to alcohol also demonstrate an aug-
mented behavioral response to stress (Hannigan
et al. 1987; Nelson et al. 1985). For example, after
exposure to intermittent footshock, alcohol-
exposed offspring displayed greater analgesia
(reduced pain sensitivity) than controls (Nelson
et al. 1985). This type of stress-induced analgesia
can be blocked by administering a narcotic an-
tagonist (naloxone),  indicating that the anal-
gesia is mediated by an endogenous opioid
mechanism. In contrast, when an equivalent
amount of footshock is presented continuously
rather than intermittently, the resultant analgesia
cannot be blocked by opiate antagonists. This
type of stress-induced analgesia is apparently
mediated by nonopioid mechanisms. The non-
opioid form of stress-induced analgesia (that
which follows continuous shock treatment) is not
altered by prenatal alcohol exposure. Whether
this distinction is related to alterations in brain
opioid systems as a function of in utero alcohol
exposure remains to be determined.

In summary, this line of research has
demonstrated that prenatal alcohol exposure al-
ters the development and activity of the HPA sys-
tem early in life. In addition, fetal exposure to
alcohol has long-term effects, altering both
physiological and behavioral responsiveness to
stress in adulthood. These perturbations may be
of great significance with regard to offspring
prenatally exposed to alcohol, because the ability
to respond to and cope with a constantly chang-
ing and challenging (stressful) environment is
crucial for survival and maintenance of normal
life in animals and humans. Alterations in the
HPA system may represent a contributing
etiologic factor in the behavioral teratogenic ac-
tions of alcohol as well.

Effects on the immune  System

Children with FAS have been noted to be more
susceptible to bacterial infections, which may be
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related to an immune deficiency characterized by
depressed mitogenesis and dysgammaglobulin-
emia (Johnson et al. 1981). Animal research has
recently begun to address how prenatal alcohol
exposure may influence the development and
functioning of the immune system. In one study,
near-term mouse fetuses exposed to alcohol in
utero were found to have reduced numbers of
thymocytes and a diminished response to sub-
stances that ordinarily stimulate the immune
system (Ewald and Frost 1987). Thymocytes are
cells in the thymus that play an important role
in the body’s defense against infection.

In addition, rats at 21 days of age that were
prenatally exposed to alcohol exhibited a dimin-
ished immunological response (T-lymphocyte
proliferation) following a mitogen challenge
(concanavalin A) in comparison to control off-
spring (Redei et al. 1989). The proliferative
(immunological1 response was eightfold lower
in spleen and twofold lower in thymus cells from
alcohol-exposed rats compared to responses
measured in controls. This blunted immunologi-
cal response also has been observed in adult rats
prenatally exposed to alcohol (Norman et al.
1989). More specifically, the alcohol-exposed
rats demonstrated a diminished proliferative
response of concanavalin A-stimulated lympho-
blast cells following interleukin-2 administration.
These latter findings indicate that in utero alcohol
exposure can have long-term effects on immune
responsiveness. The investigators further postu-
lated that, pending additional research, this
biological response may be potentially useful as
a marker for identifying individuals exposed to
alcohol in utero.

Neuroanatoqica/  and
Neurochemical  Effects

Another major advantage of using animals in
fetal alcohol research is that it allows for the iden-
tification of structural CNS defects that may un-
derlie observed functional (behavioral) deficits.
Indeed, a number of neuroanatomical aberrations
have been identified in animals prenatally ex-
posed to alcohol (West and Pierce 19861,  many of
which also have been noted in clinical neuro-
pathology studies (Clarren 1986). As more sophis-
ticated experimental techniques have become
available, these effects of prenatal alcohol ex-
posure have been studied in more specific
systems and with greater resolution.

The generation, proliferation, and migration of
cerebral cortical neurons have been examined in

rats who were exposed to alcohol in utero (Miller
1986,1987,1988).  The investigator found that
prenatal alcohol exposure delayed and extended
the period during which neurons of the cerebral
motor cortex were generated. Moreover, in com-
parison to control offspring, the mature cortex of
prenatal alcohol-exposed rats contained fewer
neurons and the distribution of these neurons
was apparently altered. Normally, the organiza-
tion of cortical neurons conforms to an inside-to-
outside pattern of distribution. That is, neurons
generated early in development reside in the
deeper layers of the cortex, whereas those
generated later are located in the superficial
laminae. Prenatal alcohol exposure markedly
altered this pattern of distribution; many late-
generated neurons were found in the deeper
layers of the motor cortex (Miller 1986,1988).

Miller (1987) also studied the effects of prena-
tal alcohol exposure on the distribution and time
of origin of cortical neurons that project to the
spinal cord. During the course of normal develop
ment, the axons of these corticospinal neurons
are pruned and their distribution in the cortex is
restricted. However, adult rats who were exposed
to alcohol in u tero were found to have a greater
number of these neurons, suggesting that the nor-
mal process of paring down corticospinal projec-
tions was altered. Miller suggested that because
there was a delay in the origin of these neurons as
well, these late-generated corticospinal cells may
have been shielded from the normal pruning
process. Whether the abnormal generation and
migration of cortical neurons in animals prena-
tally exposed to alcohol results from aberrant
glial processes that typically guide neuronal
migration, the withdrawal of growth factors,
and/or a disruption in neuron-neuron interac-
tions that are critical for proper migration and
orientation will require further investigation.

Other studies have demonstrated that acute al-
cohol exposure during critical periods of brain
development can also have detrimental effects
on the CNS. For example, administering a high
dose of alcohol (5.8 grams per kilogram of body
weight) to mice on a single day during the early
phases of brain development (gestation day 7)
resulted in gross brain malformations (Sulik et al.
1981,1984).  In another study with rats, oral ad-
ministration of a total dose of 18 grams of alcohol
per kilogram of body weight on gestation days 14
and 15 resulted in a thinner and severely disor-
ganized cerebral cortex (Kotkoskie and Norton
1988). Days 14 and 15 are a critical period for the
development of the cerebral cortex in rats. Finally,
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hippocampal mossy fiber development was
found to be most vulnerable to alcohol insult
during postnatal days 4 to 10 (West and Hamre
1985). Thus, both acute and chronic consumption
of high doses of alcohol during pregnancy has
been associated with aberrant CNS development
in the rat offspring.

In addition to the pattern of alcohol exposure,
brain regions have been shown to be differen-
tially sensitive to alcohol-induced damage. As
mentioned above, not all hippocampal cells are
uni- formly affected by alcohol exposure (Dewey
and West 1985a,b).  In a more recent study, Pierce
and West (1987)  found that alcohol administered
to rat pups on days 4 to 10 (corresponding to the
brain growth-spurt period) caused a 31-percent
reduction in brain weight compared to control
animals that did not receive alcohol. However,
the degree of growth retardation varied among
different brain regions. Whereas the hippocam-
pus was reduced by 26 percent in comparison to
controls, the size of the dentate gyrus,  a related
hippocampal structure, was reduced by only
6.8 percent. Furthermore, within the hippocam-
pus, certain substructures (sublaminae)  were
reduced in size by as much as 40.5 percent.
Similarly, alcohol treatment reduced the tissue
in the middle of the cerebellum by 14.5 percent,
with the extent of the deficit varying in different
cerebellar  substructures. The implication of these
findings is that different regions of the develop
ing brain may have different thresholds and per-
haps different critical periods of susceptibility to
alcohol injury. This implication further compli-
cates the question of how much alcohol exposure
is harmful to the developing brain. The answer
may be that it depends not only on the pattern
and timing of the alcohol exposure but on the
brain region as well (West 1987).

The level of analysis for neurochemical inves-
tigations has also become more sophisticated.
Whereas many of the earlier studies examined
neurotransmitter levels in whole brain tissue,
more recent work has focused on steady-state
levels as well as utilization and receptor function
of transmitter systems in more specific brain
regions. The monoamine neurotransmitters, par-
ticularly serotonin, have been studied in greatest
detail. The cerebral cortices of rats prenatally ex-
posed to alcohol throughout pregnancy were
found to be deficient in serotonin and its major
metabolite (S-HIAA)  by as much as 50 percent in
comparison to controls (Rathbun  and Druse
1985). Decreased levels of serotonin were also
detected in the cerebellum and brainstem, but not

in other brain regions, including the hippocam-
pus, hypothalamus, and striatum. This indicates
that prenatal alcohol exposure has localized ef-
fects on neurotransmitter systems.

More recently, prenatal alcohol exposure was
shown to alter serotonin uptake processes in the
motor, but not somatosensory, cortex of l9- and
35day-old  rats (Druse and Paul 1988). In addi-
tion, in utero alcohol exposure was shown to
alter specific serotonin receptor subtypes. More
specifically, rats prenatally exposed to alcohol
evidenced a decreased number of serotonin sub
type 1 receptors in both motor and somatosen-
sory cortices (Tajuddin and Druse 1988a).  In
contrast, prenatal alcohol exposure did not sig-
nificantly influence the number of serotonin sub
type 2 receptors (Tajuddin and Druse 1988b).
These effects on the serotonin system are par-
ticularly interesting because serotonin not only
is implicated in mediating a variety of neuro-
behavioral functions but also is thought to play
an important role in neuronal  maturation and
differentiation during embryonic development
(Lauder et al. 1983).

In addition, there is some recent evidence to
suggest that these reported neuroanatomical and
neurochemical aberrations may result in, or be
related to, an alteration in brain activity (Miller
and Dow-Edwards 1988; Vingan et al. 1986).
These studies employed an autoradiographic
2-[14Cldeoxyglucose  technique to examine the
rate of glucose use in several brain regions of
adult prenatally alcohol-exposed and control off-
spring. This in vivo method allows for the meas-
urement of glucose incorporation in localized
brain regions, which is directly related to func-
tional activity (Sokoloff 1981). Prenatal alcohol
exposure was found to decrease glucose use sig-
nificantly in sensory and motor cortex regions
as well as in numerous limbic system structures
including the hippocampus (Miller and Dow-
Edwards 1988; Vingan et al. 1986). Thus, as
demonstrated in neuroanatomical and neuro-
chemical studies, the effect of prenatal alcohol
exposure on the metabolic activity of the brain
is localized tospecific brain regions as well.

In summary, animal research has revealed that
prenatal alcohol exposure both alters the cytoar-
chitectural structure and metabolic activity of
numerous brain regions and perturbs a variety of
neurotransmitter systems. These effects have
been identified in animals that exhibit no external
physical abnormalities and thus may represent
the neurobiological substrates for the behavioral
teratogenic actions of alcohol. This contention is
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further supported by the fact that many of the af-
fected brain regions and neurotransmitter sys-
tems have been implicated in mediating be-
havioral functions that are also particularly sus-
ceptible to prenatal alcohol exposure, such as
sensorimotor dysfunctions and learning dis-
abilities. Although some studies have been
designed to examine the brains of animals that ex-
hibited these functional deficits (Abel et al. 1984;
Vingan et al. 1986), additional studies of this na-
ture are needed. In addition, the recruitment of
other more sophisticated neurobiological tech-
niques, such as nuclear magnetic resonance (NMR)
brain imaging procedures, will provide further
insight into the relationship between structural
and functional deficits that result from prenatal
alcohol exposure.

Alcohol Teratogenesis in a
Nonhuman Primate Model

Although rodent models have been most com-
monly employed to study prenatal alcohol effects
in the laboratory, there are clear limitations to
extrapolating findings from mice and rats to
humans. For example, because rodents have a
much faster metabolic rate than humans, they
typically require very high alcohol doses to
produce measurable blood alcohol levels and
FAE. Therefore the potential effects of low or
moderate drinking on pregnancy outcome in
humans are difficult to model using rats or mice.
In addition, the period of greatest brain growth
and development, which occurs in late gestation
in humans, primarily occurs postnatally in ro-
dents. Thus, in order to correspond to the human
third-trimester equivalent, alcohol needs to be
delivered to rodent offspring postnatally, rather
than in utero. Although sophisticated techniques
have been developed for the postnatal delivery
of alcohol to artificially reared pups (Diaz and
Samson 1980; West et al. 19841, maternal variables
are necessarily eliminated from the procedure.
Hence, nonhuman primate models would be use-
ful in clarifying the relationship between alcohol-
related birth defects and the dosing and timing
parameters relevant to human pregnancy.
Finally, approximating the neurobehavioral ef-
fects of prenatal alcohol exposure observed in
humans is difficult in rodents because of their
limited cognitive capacity. For these reasons,
primate models of FAS have been developed.

Clarren and his colleagues have been studying
the effects of intermittent alcohol administration
to pregnant Macaque monkeys. Fifty-four

pregnant monkeys were included in a recent
study in which alcohol was given orally in vary-
ing doses (0.3 to 4.1 grams per kilogram of body
weight) once per week so that the peak plasma
ethanol concentration (PPEC) ranged between
24 and 549 milligrams per deciliter. This pattern
of exposure was designed to model binge drink-
ing in humans. A control group of monkeys
received a sucrose solution isocaloric to the
highest dose of alcohol. Of the initial 54 pregnant
monkeys, 33 gave birth to live infants. The rate of
spontaneous abortion significantly increased at
the alcohol dose of 1.8 grams per kilogram of
body weight. This abortifacient effect occurred at
PPEC of 205 milligrams per kilogram and higher
(Clarren, Bowden, and Astley 19871. At 6 months
of age, the 33 infants were examined. Although
no animal showed all the features of the human
FAS, facial anomalies, growth deficiencies, and
CNS dysfunction were found in 57 percent
(16 of 28) of the alcohol-exposed monkeys.
Moreover, these alcohol-related birth defects
greatly resembled those documented in children
with complete or incomplete features of FAS.
None of the control monkeys exhibited these
abnormalities Klarren  et al. 1988). Studies examin-
ing the neuroanatomical and neurochemical
profiles of these animals are currently under way
and will undoubtedly provide important informa-
tion with regard to structure-function relationships.

Studies on Mechanisms
of Fetal Alcohol Damage

The study of mechanisms underlying alcohol
teratogenesis holds some promise for devising
effective preventive and/or intervention
measures for FAS and FAE. As with any other
disease state, understanding the underlying
mechanisms of FAS is essential for developing
such treatment strategies. Although the
pathophysiology of FAS remains undeter-
mined, studies on the mechanisms of alcohol-
induced fetal damage have increased in recent
years. This work has focused primarily on five
general areas: placental dysfunction, nutritional
deficiency, acetaldehyde (ACH) toxicity, fetal
hypoxia (impaired delivery of oxygen to the
fetus), and the role of prostaglandins.

Maternal alcohol consumption has been shown
to impair uptake and transport of essential amino
acids by placentas derived from rodents,
monkeys, and humans (Fisher et al. 1981,1983;
Henderson et al. 1982; Lin 1981). This alteration
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in placental functioning, however, was not found
after brief exposure to alcohol (Schenker et al.
1989). Nevertheless, placental dysfunction may
play a role in the pathophysiology of FAS. How-
ever, it does not appear to constitute the sole
underlying mechanism, because alcohol has been
demonstrated to have a detrimental effect on
growth and development in a chick model
(Pennington  et al. 1983) and in rat embryos incu-
bated in culture (Brown et al. 1979; Priscott 19821,
two model systems in which the placenta plays
no role in embryonic development.

Another potential factor in FAS is nutritional
deficiency arising from maternal alcoholism.
Nutritional and mineral deficiency is known to
accompany chronic alcohol exposure. However,
its role in FAS remains unsettled since protein
supplementation has been found in some cases to
ameliorate the adverse effects of alcohol (Wiener
et al. 1981) but in others failed to improve preg-
nancy outcome (Weinberg 1985).

The role of ACH (the primary metabolite of al-
cohol) in the pathogenesis of FAS has also not
been resolved. In some studies ACH administra-
tion was found to be teratogenic (O’Shea and
Kaufman 1979; Dreosti et al. 1981),  whereas
others have reported negative findings (Blakely
and Scott 1984; Webster et al. 1983). Discrepant
results also have been reported in studies in
which ACH was applied to the medium of rat
embryos grown in culture (Campbell and Fantel
1983; Priscott 1985). In addition, it is not clear
whether ACH reaches the fetus by placental
production or solely by transfer from maternal
circulation. Recently, a study was conducted to
address this issue in human placental tissue. With
a human placental perfusion system, it was
shown that the placenta has the capability to me-
tabolize alcohol, as measured by the presence of
ACH in the fetal perfusate. In addition, when
ACH was administered to the maternal side of
the placenta, it was transferred to the fetal side,
reaching approximately 50 percent of the mater-
nal concentration (Karl et al. 1988). The authors
suggested that the human placenta may play a
pivotal role in the pathophysiology of alcohol-
-associated fetal damage. However, given the
negative results in studies cited previously in
this chapter, it appears that ACH is a contrib-
utor to, rather than a cause of, FAS and FAE.

Fetal hypoxia also has been implicated in the
pathophysiology of FAS. Support for this notion
comes from a study in which maternal alcohol ex-
posure was found to impair umbilical circulation

in monkeys. Intravenous administration of
3 grams of alcohol per kilogram of body weight,
which resulted in a peak blood alcohol level of
250 milligrams per deciliter, produced a collapse
of the umbilical vessels within 10 to 15 minutes
after injection. Analysis of blood gases revealed
that this effect, albeit transient, was sufficient to
produce a severe oxygendeficient state for the
fetus (Mukherjee and Hodgen 1982). More re-
cent studies with human umbilical cords have
demonstrated similar effects following in vitro
alcohol administration (Altura et al. 1983; Yang
et al. 1986; Savoy-Moore et al. 1989). Although
decreased fetal-placental blood flow has been
shown to be associated with intrauterine growth
retardation (Fleischer  et al. 19851,  a cardinal fea-
ture of FAS, it remains to be determined whether
fetal hypoxia results in structural birth defects
similar to those reported following prenatal al-
cohol exposure.

Finally, prostaglandins (potent hormonelike
compounds) have been implicated in the patho-
genesis of FAS. Pharmacologic agents such as
aspirin, which inhibit the synthesis of prosta-
glandins  (Vane 19781, have been shown to
reduce the incidence of alcohol-induced birth
defects (Randall and Anton 1984; Randall et al.
1987b)  and attenuate alcohol-induced growth
retardation in an animal model (Pennington
et al. 1983). These data suggest that alcohol’s
teratogenic actions may be mediated by an in-
crease in prostaglandin levels (Randall et al.
1987a).  However, future studies will need to
measure directly prostaglandin levels to verify
such a relationship. It also should be noted that
because some prostaglandins alter blood pres-
sure, an imbalance in the prostaglandin system
may result in reduced umbilical blood flow and
hence in impaired oxygen and nutrient supply to
the fetus.

In summary, with the teratogenic actions of al-
cohol firmly established, more recent attention
has been focused on the underlying mechanisms.
To date, results from basic research have ad-
vanced several possibilities, including impaired
placental transfer of essential nutrients, ACH
toxicity, fetal hypoxia, and perturbation of pros-
taglandins. All of these potential mechanisms
probably represent etiologic factors and in com-
bination may collectively play a role in alcohol-
induced teratogenesis. It therefore is quite pos-
sible that more than one mechanism is involved
in FAS, and that different features of FAS may be
the manifestation of different pathophysiologies.
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Public Awareness
and Policy

Since FAS was identified, educational and
public service efforts have been mounted that
have contributed to an increased public aware-
ness of the dangers associated with drinking
while pregnant. This increase in awareness is
borne out by results from the 1985 National
Health Interview Survey. As part of the Health
Promotion and Disease Prevention Question-
naire, about 20,000 men and women aged 18 to 44
answered questions about their awareness of the
risks of smoking and drinking during pregnancy.
Approximately 84 percent of the respondents as-
sociated heavy drinking with increased risk for
adverse pregnancy outcomes (Fox et al. 1987). In
fact, smoking was perceived to be a lesser risk
than heavy drinking. However, a much smaller
proportion were knowledgeable about FAS.
Among the 55 percent who had heard of FAS,
only one in four correctly identified the syn-
drome as a set of birth defects. Seventy percent
identified the syndrome as representing alcohol
addiction in the newborn (Williams et al. 19861.
Similar results have been obtained in a public
attitude and awareness survey conducted in
Australia (Oei et al. 1986). These findings sug-
gest that although many people are aware of
increased risks associated with heavy drinking
during pregnancy, there is a need to educate
young adults on the specific harmful effects of
alcohol exposure on the developing fetus.
Moreover, despite the reported increase in
general awareness of an increased risk, FAS and
FAE remain a major public health problem.

With regard to public policy, the 1981 surgeon
general’s advisory, which recommended abstin-
ence during pregnancy, bolstered educational
efforts (USDHHS  1981). In addition, effective in
November 1989, it is unlawful to manufacture,
import, or bottle any alcoholic beverage unless
the container in which it is sold bears a warning
about the risks of drinking while pregnant. Fu-
ture research should assess whether this require-
ment has an impact on knowledge, attitudes, or
behavior related to alcohol consumption during
pregnancy.

Summary
The public education effort surrounding FAS

since it was identified in 1973 has resulted in

widespread public awareness of the syndrome:
in a 1985 national survey, about 84 percent of
respondents associated heavy drinking with in-
creased risk of adverse pregnancy outcomes. At
the same time, however, FAS and FAE are now
costing nearly a third of a billion dollars a year to
treat and are among the leading known causes of
mental retardation in the Western world.

The diagnostic criteria for FAS comprise pre-
natal and postnatal growth retardation, a charac-
teristic constellation of craniofacial anomalies,
CNS dysfunction, and major organ system mal-
formation. When only some of these criteria are
met, the diagnosis is FAE. The harmful effects of
prenatal exposure to alcohol are now known to
exist on a continuum, ranging from gross mor-
phological defects at the more severe extreme, to
more subtle cognitive-behavioral dysfunctions at
the other.

A followup study of FAS cases in Germany
showed improvement on several levels, par-
ticularly with regard to physical appearance, but
cognitive deficiencies persisted; the authors
reported that many of the study population re-
quired special education. Furthermore, the study
revealed persistence in the positive correlation be-
tween degree of mental disability and physical
dysmorphology noted in children initially diag-
nosed with FAS.

Not all women who drink alcohol excessively
during pregnancy deliver babies with FAS or
even FAE. Genetic and maternal variables may
explain why some infants are spared. For ex-
ample, epidemiological studies have shown that
black infants are at greater risk.

An ongoing longitudinal study being con-
ducted in Seattle is showing that attentional
deficits in children whose mothers drank heavily
during pregnancy endure in children in their
school-age years. Future studies will need to in-
vestigate how long these deficits persist and if
they hamper classroom learning.

Questions of threshold doses and critical
periods of exposure, although of great concern to
scientists and the public, are slow to be answered
because of the lack of a specific physiologic
measure that accurately reflects alcohol consump-
tion. Self-underreporting of alcohol consumption
is a problem, and repeated blood sampling is in-
feasible. Because of this problem, animal models
are particularly useful to researchers.

In using animal models, researchers are able to
control for other variables such as malnutrition,
poor rearing (environmental) conditions, disease,
smoking, and other drug use. Studies with
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rodents, the most commonly used,  have provided
clues to the relationship between FAE and certain
specific cellular, neurological, and hormonal
irregularities.

With the teratogenic actions of alcohol firmly
established, more recent attention has been
focused on identifying the underlying mechan-
isms. To date, results from basic research have
advanced several possibilities, including im-
paired placental transfer of essential nutrients,
ACH toxicity, fetal hypoxia, and perturbation of
prostaglandins. It is possible that more than one
mechanism is involved in FAS, and that different
features of FAS may be the manifestation of dif-
ferent pathophysiologies.
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n Chapter VII

Adverse Social Consequences

Introduction
Adverse social consequences arise as a result

of single episodes of drinking, persistent alcohol
abuse, and alcohol dependence. These conse-
quences can affect not only the drinker but also
the drinker’s family, friends, and associates, as
well as others with whom the drinker may come
in contact. Moreover, the cost to society of adverse
outcomes of alcohol use is high. In addition to
alcohol-involved motor vehicle crashes, alcohol
use and abuse have been linked to other types of
accidental injuries and fatalities, including drown-

!
ings, falls, and burns. Alcohol may also increase
the severity of trauma incurred in accidents. In-
dividuals with alcohol-related problems require
more general health care, may be less productive
at their jobs than individuals who do not abuse
alcohol, and are also overrepresented among
criminals and suicides. The negative impact that
these and other alcohol-related problems have on
the quality of life of society is paralleled by con-
siderable economic cost. It has been estimated
that the cost to the United States in 1990 due
to alcohol dependence and abuse will reach
$136.3 billion (Harwood et al. 1985).

This chapter highlights recent research ad-
dressing the relationship between alcohol use
and related adverse social consequences.

1 Accidents
Alcohol has been implicated in the four lead-

ing causes of accidental death in the United
States-motor vehicle crashes, falls, drownings, ”
and fires and burns.

Motor Vehicle Crushes

The National Highway Traffic Safety Ad-
ministration (NI-ITSA) defines a fatality or traffic
crash as alcohol involved or alcohol related when
a participant (driver, pedestrian, or bicyclist) has
a measured or estimated blood alcohol concentra-
tion (BAC)  of 0.01 percent or above (NHTSA
1988c).  NHTSA defines a collision in which one
of the active participants was drunk (BAC of 0.10
percent or greater, the legal limit for intoxication
in most jurisdictions) as a high-level alcohol crash
WI-ITSA 1988c).  Recent research has examined
high-level alcohol crashes as well as those in
which participants had lower BAC levels.

Motor vehicle crashes are the leading cause of
injury deaths in the United States (Baker et al.
1984). During 1987,46,386 people in the United
States died in traffic crashes. Approximately one-
half of these fatalities were alcohol related
WI-ITSA  1988c).  It has been estimated that the
risk of a fatal crash, per mile driven, may be at
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least eight times higher for a drunk driver (BAC
of 0.10 or greater) than for a sober one (Fell 1987).

In a recent U.S. national survey, 6.1 percent of
adults responded positively when asked if they
had driven “when you’ve had perhaps too much
to drink” during the previous month (Bradstock
et al. 1987). Among individuals in a Canadian sur-
vey who reported drinking during the previous
month (Wilson and Jonah 1985),  35 percent re-
ported driving after drinking on one or more oc-
casions when they did not believe themselves to
be impaired, and 13 percent reported driving on
one or more occasions when they thought they
may have been legally impaired. When drivers
were stopped and given a roadside breath
analysis in a nationwide U.S. study (Wolfe 19861,
about 3 percent had BACs higher than 0.10 per-
cent; approximately 80 percent had BACs  of less
than 0.02 percent.

The Fatal Accident Reporting System (FARS)
of NHTSA contains data on all fatal traffic
crashes in all States and includes BAC levels
whenever available. In the past 7 years, the BAC
reporting rate has increased from 25 to 71 percent
for fatally injured drivers and from almost 0 to
22 percent for surviving drivers (NHTSA 1988a).
FARS data indicate that the proportion of drivers
killed in traffic accidents who had BACs equal
to or greater than 0.10 percent decreased from
46 percent in 1980 to approximately 38 percent
in 1987. The proportion of all people killed in
crashes in which at least one participant had a

Total YPLL due to
YPLL injuries

(NCHS) (NCHS)

BAC of 0.10 percent or greater declined from
46 percent in 1982 to 40 percent in 1987 (NI-ITSA
1988c).

Nonetheless, traffic crashes remain the greatest
single cause of death in the United States for
people between the ages of 5 and 34 (NHTSA
1988~).  Estimates based on FARS data combined
with vital statistics data indicated that, in 1986,.
motor vehicle injuries were the predominant
cause of years of potential life lost (YPLL) by in-
dividuals under the age of 65 (USDHHS 1988)
and accounted for 11.9 percent of total YPLL in
the United States (see fig. 1). YPLL is calculated
by subtracting the actual age at death from 65.
More than half of the total YPLL lost as a result of
motor vehicle injuries were due to alcohol-related
injuries, which accounted for 6.8 percent of the
total YPLL. Crashes involving intoxicated drivers
(BACs  greater than or equal to 0.10 percent) were
responsible for 44.5 percent of all YPLL due to
motor vehicle injuries and for 5.3 percent of the
total YPLL.

About 40 percent of all teenage deaths (ages
15 to 19) occur in traffic crashes (NHTSA 1988c).
However, the number of fatal teenage crashes in-
volving drunk drivers decreased from 2,187 in
1982 to 1,494 in 1987, while the total number of
fatal crashes for this age group increased from
7,690 to 8,052. These data indicate that although
more young drivers are becoming involved in
fatal crashes, fewer of them are intoxicated at the
time of the crash (NHTSA 1988~).

I Alcohol-related”’
(6.8%)

YPLL due to
motor-vet&%3
traffic-injuriis

(FARS)

FIGURE 1. Contribution of alcohol-related and alcohol-intoxication-related motor vehicle traffic injuries to total years of potential life
lost (YPLL) before age 65, United States. 1986.
*Drivers’ BACs  were greater than or equal to 0.10 percent.
“Drivers’ BACs  were greater than or equal to 0.01 percent.
SOURCE: Modified from USDHHS 1988.
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Alcohol involvement occurs more frequently
in fatal crashes at night than during the day, and
more frequently on weekends than on weekdays.
According to FARS data on fatal accidents from
1982 to 1986, the greatest reduction in the involve-
ment of drivers with BAC levels of 0.10 percent
or more took place during the daytime hours,
both on weekdays and on weekends, among
drivers aged 16 to 20 and over 45 years, and
among female drivers (NHTSA 1988a).  During
this period, alcohol involvement in fatal accidents
decreased for drivers of heavy trucks, passenger
cars, light trucks and vans, and medium trucks
but increased slightly for drivers of motorcycles
(NHTSA 1988a)  (see table 1). In motor vehicle
crashes during 1986 that involved a pedestrian or
a bicyclist and an automobile driver, more
pedestrians and bicyclists were legally intoxi-
cated (29.9 percent) than automobile drivers
(17.7 percent).

Of the alcohol-involved crashes in the NASS in-
vestigation, almost 50 percent resulted in minor
to moderate injuries; 37 percent of non-alcohol-
involved crashes resulted in this degree of injury.
Eight percent of the alcohol-involved crashes
resulted in serious to maximum injuries com-
pared with 2 percent of the non-alcohol-involved
crashes (NHTSA 1988b).

Figure 2 shows alcohol involvement in
reported crashes by license status. Drivers in
reported crashes with suspended, revoked, or no
licenses were five times likelier to have been
drinking, and drivers with expired licenses were
almost three times likelier to have been drinking,
as drivers with valid licenses. Drivers not using
seat belts were more than three times likelier to
have been drinking as drivers using seat belts
(NHTSA 1988b).

The National Accident Sampling System
(NASS) of NHTSA also collects data on alcohol-
related injuries from motor vehicle accidents.
NASS uses nationwide teams to investigate a ran-
dom sample of police-reported traffic crashes
(NHTSA 1988b).  Although it has been estimated
that there may be twice as many unreported
crashes as reported crashes, the majority of the
unreported crashes involve only minor property
damage and no significant personal injury
(NHTSA 1988b).

In a NASS report on police-reported crashes in
1986,9 percent involved alcohol. In other words,
a participant in the crash had a BAC of at least
0.01 percent, a driver was cited for driving while
intoxicated (DWI), or a police statement alleged
alcohol involvement. However, because most
cases were based on police judgment alone,
NASS data probably understate the alcohol in-
volvement (NHTSA 1988b).

In summary, while the proportion of intoxi-
cated persons (drivers, pedestrians, or bicyclists)
killed in fatal crashes has been declining, ap-
proximately one-half of all crash fatalities have
been alcohol related. Further, traffic crashes con-
tinue to be the single leading cause of death for
people between the ages of 5 and 34. To address
this problem, a variety of preventive educational
and policy measures have been implemented,
with varying degrees of success (see chapter IX
for a discussion of research evaluating these
approaches). Intervention strategies, also varying
in effectiveness, have been targeted at DWI of-
fenders to reduce both drinking problems and
driving after drinking (research on interventions
for DWI offenders is discussed in chapter XL

Accidental Drownings, Falls, and
Fires and Burns

Although less is known about the contribution
of alcohol to drownings, falls, and fires and bums

I
TABLE 1. Reduction in involvement of drivers with BACs  of 0.10 percent or higher in fatal
crashes by vehicle type, 1982 versus 1986

Percent
Vehicle type 1982 1986 Reduction
Motorcycles 40.7 41 .o -1
Passenger cars 36.7 27.5 25
Light trucks and vans 36.3 30.9 15
Medium trucks 7.2 6.2 14
Heavy trucks 4.2 2.6 38



166 Adverse Social Consequences

_,.

-95%

: ,-’ ‘,

,,_ “1 -,

8 ._..,’

FIGURE 2. Alcohol-involved crashes as a function of license status, 1986.
SOURCE: Adapted from NHTSA 1968b.

than about its contribution to vehicular accidents
(Howland and Hingson 1988b),  findings of a
recent study that reviewed 4 years of medical ex-
aminer records in a New Jersey county indicated
that a history of alcohol problems or alcohol con-
sumption immediately before a fatal accident oc-
curred more often in deaths by falls and fires
than in traffic deaths (Haberman 1987). Research
suggests that alcohol increases the risk for falls,
fires, and burns, but evidence of alcohol’s
relationship to drowning is, at present, incon-
clusive (Howland and Hingson 1988b).

FClllS
Falls are the most common cause of nonfatal

injuries in the United States and the second lead-
ing cause of fatal accidents, accounting for ap-
proximately 13,000 deaths a year (Baker et al.
1984). Hingson and Howland (1987) reviewed

21 studies published from 1950 to 1985 on alcohol
and falls. The data generally suggest that alcohol
increases risks for falls. In these studies, the per-
centage of alcohol-related fatal falls ranged from
17 to 53 percent and the percentage of alcohol-
related nonfatal falls ranged from 21 to 77 per-
cent. Although most of the study designs did not
allow a determination of causality, the inclusion
of a control group in one study conducted in
Finland (Honkanen et al. 1983) permits the in-
ference that alcohol increases risks for falls.

Honkanen et al. (1983)  reported that of 313
emergency room patients who had suffered ac-
cidental falls, 60 percent had measurable BACs
and 53 percent had BACs above 0.2 percent.
These patients were compared to control sub-
jects-pedestrians who were at the accident site
1 week later and at the same time of day as the
accident patients. The control subjects were
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measured for BAC and they were also matched in
sex and age to patients. Comparison of the two
groups allowed the relative risk of falls for dif-
ferent BAC levels to be estimated. The risk of falls
for individuals with BACs  of 0.05 to 0.10 percent
was found to be 3 times greater than that for in-
dividuals with no exposure to alcohol, 10 times
greater for individuals with BACs  of 0.10 to 0.15
percent, and about 60 times greater for in-
dividuals with BACs of 0.16 percent or higher.

Fifes and Burns
Fires and bums are the fourth leading cause of

accidental deaths from injuries in the United
States and are responsible for an estimated 6,000
fatalities a year (Baker et al. 1984). Howland  and
Hingson (1987)  analyzed 32 studies published
between 1947 and 1986 on alcohol and injuries
from fires and bums. As in research dealing with
drowning and falls, these studies were primarily
descriptive and did not include control popula-
tions that had not received burns. However, a
number of the studies provide suggestive
evidence associating alcohol consumption with
increased risk of fires and burns.

Some of the evidence on increased risk of fires
and burns associated with alcohol consumption
comes from studies of treated alcoholics. A study
of alcoholics in treatment in Toronto between
1951 and 1963 found that the rate of death by fire
was 9.7 times the rate expected on the basis of
Ontario mortality statistics (Schmidt and de Lint
1972). The proportion of deaths by fire among
treated alcoholics studied in St. Louis (Combs-
Orme et al. 1983) was 26 times the expected rate
based on St. Louis mortality data. Neither of
these studies, however, reported whether subjects
were drinking before the fatal fires.

Other evidence has been provided by research
examining deaths in the general population. A
study conducted in California (Wailer  1972) on a
series of nonvehicular deaths between 1965 and
1967 indicated that 64 percent of the individuals
whose deaths were attributed to fire had BACs
greater than or equal to 0.10 percent at the time of
death. Of the individuals who died after episodes
of acute illness, 18 percent had BACs greater than
or equal to 0.10 percent at the time of death.

Ten of the studies reviewed by Howland  and
Hingson (1987) provided data about complete
series of bum fatalities and compared fatal burn
victims who had BACs equal to or greater than
0.10 percent with other bum victims. In these
studies, the percentage of intoxicated bum vic-
tims ranged from 37 to 64 percent with a median

value of 48 percent (Howland  and Hingson 1987).
Assuming that less than 48 percent of the general
population is intoxicated at any given time, the
authors interpreted these data as suggesting that
alcohol exposure is a risk factor for fire deaths. A
number of the studies reviewed also indicated
that alcohol exposure was more frequent among
victims of cigarette fires. This observation, com-
bined with evidence that house fires involving
cigarettes account for approximately one-third of
all fire fatalities, suggests that alcohol use in com-
bination with smoking presents a serious risk for
fire and burn injuries (Howland and Hingson
1987).

Drownings
Drowning ranks as the third leading cause of

accidental death in the United States (Baker et al.
1984). Research findings suggest that victims
have been exposed to alcohol in approximately
38 percent of drowning deaths (Howland and
Hingson 1988b).

A person under the influence of alcohol may
be more susceptible to drowning because of dis-
orientation, exacerbated thermal response to
water temperature, impairment of psychomotor
skills, and reduced ability for breath holding (Na-
tional Transportation Safety Board 1983). To date,
however, available research data do not allow
firm conclusions to be drawn about a causal role
for alcohol in drownings. Determining whether
alcohol increases the risk for drowning requires
comparing the BACs of all individuals in a given
population at risk for drowning--e.g.,  all those
at a particular beach, swimming pool, or water-
way-with the BACs of drowning victims. To
assess available evidence on the relationship of
alcohol to risk of drowning, Howland and
Hingson (1988a)  reviewed 36 studies published
between 1950 and 1985. For the most part, data
from these studies could not be used to establish
a causal relationship between alcohol and drown-
ing because they were descriptive and did not
compare BACs of drowning victims and other
individuals engaged in activities on or near
the water (Howland  and Hingson 1988a).

A recent survey of boat owners, conducted by
a boat owners’ interest group (BOAT/US, cited
in Howland  and Hingson 1988a), indicated that
35 percent of the boaters drank while under way.
This figure is comparable to the findings of a
Coast Guard survey that 40 percent of 15 million
boaters reported carrying alcohol on outings
(Wright 1985). Studies reviewed by Howland  and
Hingson (1988a) that analyzed drownings during
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boating suggested that from 17 to 31 percent of
the boaters who drown had consumed alcohol.
Since the consumption of alcohol by boaters who
drown is similar to and possibly less than the con-
sumption by boaters in general, these data sug-
gest that any causal association between alcohol
and drowning in boating accidents may be weak
(Howland and Hingson 1988a).

Assessing Alcohol’s Role in Accidents

The need for improvement in the measure-
ment of alcohol’s role in accidents has been em-
phasized recently. Improved assessment would
(1) supply data needed for planning and provid-
ing direct services, (2) provide a baseline for
evaluating prevention and intervention
programs, and (3) improve estimates of the
economic costs of alcohol abuse (Grant et al.
1987).

The need for routine BAC testing in emergency
-rooms has been noted (Roizen 1988). Research
indicates that most emergency rooms do not test
routinely for alcohol in accident victims. A na-
tional survey of trauma centers (Soderstrom and
Cowley 1987) found that although two-thirds of
the centers estimated that the majority of their
patients had consumed alcohol, only 55 percent
routinely conducted BAC tests at patient ad-
mission. Reviews of emergency patient charts
(Chang and Astrachan 1988)  and a statewide sur-
vey of emergency room physicians (Simel and
Feussner 1988) also revealed low use of BAC test-
ing. A review of emergency room studies (Roizen
1988) indicated that, even when a concerted effort
is made, up to one-third of patients admitted to
emergency rooms are not tested. Development of
a feasible means of measuring BAC at the scene
of an accident could also reduce underreporting
of alcohol involvement in accidents.

Another focus is the need to code acute alcohol
involvement related to injuries. The diagnostic
codes currently available in 1nferrzutionaZ Classifioz-
t&z  of Dimses  (ICD) are appropriate for identify-
ing chronic conditions related to alcohol but are
not useful for indicating acute alcohol involve-
ment at the time of an accident. The Alcohol,
Drug Abuse, and Mental Health Administration
of the U.S. Public Health Service has recently
recommended the addition of two supplemen-
tary alcohol-involvement codes for ICD-10, the
upcoming tenth revision of this coding system
(Grant et al. 1987). The recommended codes iden-
tify alcohol involvement based on BAC and on
level of intoxication.

Underuse of existing codes may also reduce
the usefulness of measurement efforts. Towle et
al. (1988) found that “E codes” (accident codes in
the clinical modification of ICD-9 [ICD-g-CM]
[Commission on Professional and Hospital Ac-
tivities 197811,  which provide information on the
circumstances surrounding injuries, were under-
used in hospital discharge reports. If this infor-
mation is not provided consistently, discharge
records cannot be useful for developing accurate
estimates of alcohol involvement in various kinds
of accidents.

Another problem affecting measurement is the
wide variety of settings in which alcohol-related
injuries are treated (Towle et al. 1988). Because of
this variety, one surveillance system cannot cap
ture all accidents and injuries (Towle et al.
19881,  and combining data is difficult because
the various agencies that collect information on
alcohol-related problems use different coding
schemes (Westermeyer 1988).

Comparisons of data on the temporal pattern
of alcohol consumption with data on injury in-
cidence have been suggested recently as a means
of assessing the involvement of alcohol in acci-
dents. Arfken (1988)  found positive correlations
between the temporal pattern of drinking based
on data from a national household drinking sur-
vey and FARS and NASS data on motor vehicle
accidents (see fig. 3) and has suggested that this
approach could be used to analyze other injuries
suspected to be alcohol related, such as pedes-
trian fatalities and drowning.

Suicide
Research indicates that 20 to 36 percent of

suicide victims have a history of alcohol abuse
or were drinking shortly before their suicides
(Roizen 1982; Colliver and Malin 1986). Recent
studies have reported findings indicating rela-
tionships between alcohol, suicide, and use of
firearms (Hlady and Middaugh 1988; Brent et al.
1987; Welte et al. 19881.

It has been suggested that alcohol tends to be
associated with suicides that are impulsive rather
than premeditated (Welte at al. 1988).  The results
of a recent study of suicides in a New York
county from 1972 to 1984 (Welte et al. 1988)
showed that suicides with detectable BACs
received lower scores when rated on a predict-
ability scale that allotted points for the following
factors: left a note, diagnosed as depressed, poor
health, prior suicide attempt, under psychiatric
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FIGURE 3. Temporal patterns of alcohol consumption and fatal motor vehide accidents.
SOURCE: Arfken 1988. Copyright 1993  by the Research Society on Alcoholism.

care. They were also more likely to have died of
gunshot wounds.

Youthful suicides also have shown a relation-
ship between alcohol and use of firearms. A
study conducted by Brent et al. (1987) found that
the suicide rate among residents of a Pennsyl-
vania county, aged 10 to 19, doubled from 1960 to
1983. Data were adjusted to control for improved
ascertainment of suicide over the 24-year study
period. Positive BACs were found in 12.9 percent
of youthful suicides in 1968 to 1972, in 25.5 per-
cent in 1973 to 1977, and in 46.0 percent in 1978 to
1983; there were no significant changes during
this period in the proportion of young suicide vic-
tims under the influence of other drugs. The rate
of suicide by firearms increased more rapidly
than suicide by other means. Those victims with
a detectable BAC at the time of death were almost
5 times likelier to use firearms as a means of
suicide than victims with no detectable BAC; vic-
tims who were intoxicated (BAC equal to or
greater than 0.10 percent) were almost 7.5 times
likelier to use firearms. However, the findings of

this study were inconclusive about the impul-
sivity or predictability of the youthful suicides: lit-
tle variation occurred over the study period in
proportion of indicators of suicidal intent (efforts
to conceal attempts, suicide notes, evidence of
preparation), symptoms of depression, and his-
tory of psychiatric treatment.

A study of suicides in Alaska also found an as-
sociation between alcohol and suicide by gunshot
wounds (Hlady and Middaugh 1988). During
1983 and 1984,59 percent of suicides in Alaska
had detectable BACs and 31 percent had BACs of
greater than 0.10 percent. Alaska Natives, while
only 14 percent of the State’s population, ac-
counted for 33 percent of the suicides during the
period. Native suicides were more than twice as
likely as white suicides to have BACs greater
than 0.10 percent. Suicides with BACs greater
than 0.10 percent were more likely than others to
have died as a result of gunshot wounds.

Further research investigating different popula-
tions will be required to determine the nature of
the relationship between use of firearms, alcohol,
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and suicide as well as the relationship of these fac-
tors to impulsive and premeditated suicides.

Trauma
The extent of injuries sustained in alcohol-

involved accidents, suicides, and suicide attempts
may be influenced by the victims’ drinking his-
tory or recent alcohol consumption. Intoxication
is frequently found among trauma victims (Holt
et al. 1980; Perrine 19751, and a history of trauma
has been found to be a marker for the early iden-
tification of alcohol abuse (Skinner et al. 1984). In
a recent review of studies on emergency room
trauma cases, Roizen (1988) found that from 20 to
37 percent of all such cases involved alcohol.

Israel et al. (1980) found that the rate of oc-
currence of rib and vertebral fractures among
alcohol-dependent persons was 16 times that in
nondependent individuals. Data from health in-
surance claims also indicate a greater risk for frac-
tures among alcohol-dependent drinkers (Holder
1988). Recent research has also found a dose-
response relationship between a usual number of
drinks consumed per occasion reported and the
likelihood of fatal injury during a 9-year followup
period (Anda et al. 1988).

Clinical findings suggest that both alcohol de-
pendence and acute intoxication may be related
to conditions that exacerbate the effects of
trauma. For example, thrombocytopenia, a
decrease in the number of blood platelets, has
been related to alcohol ingestion in both al-
coholics (Lindenbaum and Hargrove 19681  and
nonalcoholics (Sullivan et al. 1977). Clinical
studies have also shown reduced bone density in
alcoholics compared to nonalcoholics (Saville
1975). Further, some bacterial infections are
found more often in chronic alcoholics (Tillotson
and Lerner 1967; Johnson et al. 1968; Manfredi et
al. 1963), and intravenous administration of
ethanol to nonalcoholics has been found to
reduce bactericidal activity against certain bac-
teria (Johnson et al. 1969). Such findings, along
with experimental results that indicate a poten-
tiating effect of acute intoxication on stand-
ardized acute injuries in animals, predict a poorer
prognosis for intoxicated individuals who have
suffered a traumatic injury than for those who are
not intoxicated (Wailer et al. 1986; Maul1 1988).

While most studies have reported that alcohol
increases susceptibility to injury (Roizen 19881,
clinical research on the relationship of alcohol
and trauma have provided some conflicting

evidence (Wailer et al. 1986). In one study, hospi-
talized major trauma victims intoxicated at the
time of injury were found to have a significantly
lower mortality rate than nonintoxicated victims
with similar severity of injury (Ward et al. 1982).
Other studies have found no differences in out-
comes of intoxicated and nonintoxicated drivers
injured in motor vehicle accidents (Huth et al.
1983; Thal et al. 1985).

Waller et al. (1986) suggested that one possible
reason why previous studies have failed to
demonstrate a deleterious effect of alcohol on
injury is that these studies included only in-
dividuals hospitalized after a crash and not those
who died in the crash (Ward et al. 1982; Thal et al.
1985). This possibility is supported by the find-
ings of a study that used data on deceased crash
victims from State traffic safety and medical ex-
aminer records (Wailer et al. 1986). Based on a
mathematical model that controlled for accident
type, intoxicated drivers were predicted to be
4.45 times likelier than nonintoxicated drivers to
be killed in vehicle crashes that caused the least
vehicle damage. Furthermore, intoxicated drivers
were 3.31 times likelier to be killed than nonin-
toxicated drivers in crashes with intermediate
vehicle damage and 1.83 times likelier to be killed
in crashes with the most vehicle damage.

There is also evidence that injured individuals
who are intoxicated when admitted to hospitals
may be misclassified as more seriously injured
than they actually are (Jagger et al. 1984). Waller
et al. (1986) suggested that if such misclassified
patients are matched for injury severity with
nonintoxicated patients whose injury classifica-
tions are not skewed, the misclassified patients
may appear to have a better recovery rate. In
such instances, alcohol would falsely appear to
have a protective effect on outcome (Wailer et al.
1986).

Differential rates of BAC testing may also
mask the relationship between alcohol and in-
jury. Although Kraus et al. (1989) found that
injury severity and hospital mortality were in-
versely related to BAC level among individuals
who were hospitalized for or who died of brain
injury, differential testing rates were also found
for different levels of injury severity: 30 percent
of mildly brain-injured persons were tested and
70 percent had a positive BAC; 74 percent of the
moderately and severely injured were tested and
45 percent had a positive BAC. Moreover, among
individuals with more severe injuries, BAC was
directly related to neurological impairment at dis-
charge and length of hospitalization.



Adverse Social Conseauences 171

Despite a significantly shorter time between in-
jury and hospital admission, intoxicated patients
with severe nonneurologic trauma were found
by Elmer and Lim (1985) to have lower blood
pressure and pC@ (indicative of hyperventila-
tion) on hospital arrival than nonintoxicated
patients. Although the hospital course did not dif-
fer for the two groups, the differences in blood
pressure and pC@ indicate that intoxication can
be a negative factor in trauma, especially if resus-
citation is delayed (Elmer and Lim 1985).

Intoxication also influences the outcome for
motorcyclists who are trauma victims. NHTSA’s
FARS data (NHTSA 1988a)  indicated that, in
1986, motorcyclists involved in fatal crashes were
more likely to be intoxicated than drivers of pas-
senger cars or light, medium, or heavy trucks
(see table 1). Intoxicated motorcyclists have been
found to wear helmets one-third less frequently
than those who were not intoxicated (Luna  et al.
1984). Moreover, the protective effect of helmets
was reduced for these individuals: Intoxicated
motorcyclists wearing helmets sustained twice as
many head injuries as nonintoxicated motor-
cyclists wearing helmets at the time of their acci-
dents. Overall, critical head injuries were twice as
likely to be fatal for intoxicated as for nonintoxi-
cated motorcyclists, although the severity of in-
juries was similar for both groups (Luna et al.
1984.

Alcohol intoxication has also been shown to in-
fluence the outcome for pedestrians injured in
motor vehicle accidents. Intoxicated pedestrians
are three to four times likelier to be struck by
automobiles than those who are not intoxicated
(Irwin et al. 1983). A retrospective study of
pedestrian accident victims admitted to a hospital
trauma center during 1982 and 1983 (Jehle  and
Cottington 1988) revealed that 30 percent had
been drinking. Ratings of injury severity, length
of hospital stay, and frequency of injuries to the
spine and chest were greater for patients who
had consumed alcohol than for other injured
pedestrians admitted to the hospital during this
period. For further discussion on alcohol and
trauma, see chapter VIII.

Crime and Family
Violence

The belief in a link between alcohol and crime
has a long history (Room 1983). The abuse of
spouses by their partners and the abuse of

children by their parents continues to be high-
lighted in the media and the clinical literature.
Laboratory research has produced evidence of
links between the pharmacologic effects of al-
cohol and aggressive behavior; that the relation-
ship is complex, however, is suggested by
findings indicating that expectancies about the ef-
fects of alcohol may influence aggressive be-
havior, and that cultural, environmental, and
individual factors can influence the effects of
drinking on aggression (laboratory research on al-
cohol and aggression is discussed in chapter IV).
However, methodological weaknesses in much of
the applied research conducted in these areas
preclude firm conclusions about alcohol’s role in
specific types of violence.

Crime

It has been noted that prison populations have
a high incidence of drinking problems and that
people with alcohol problems are more likely to
engage in criminal behavior than are people in
the general population. Despite the apparent posi-
tive correlation between crime and alcohol, how-
ever, a, direct causal relationship between alcohol
and crime has not been established. Moreover,
the majority of criminal offenders are not alcohol
dependent, and the majority of alcoholics never
commit serious crimes (Collins et al. 1981).

A number of factors may inflate the apparent
relationship between alcohol and crime. Many
investigations of this relationship have method-
ological limitations. Of 35 such studies reviewed
by Greenberg (19811,  only 5 were designed to con-
trol for the effects of age and sex-factors related
both to the incidence of crime and to drinking.
Intoxicated criminals also may be likelier to get
caught (Roizen and Schneberk 1977) or convicted
(Greenberg 1981) and thus likelier to be repre-
sented in prison populations. Statistics may also
be distorted by practices such as plea bargaining,
which allows a defendant to plead guilty to a
lesser charge to avoid a full trial (Brain 1986).

Similarity in the relationship of age to alcohol
use and to criminal activity has been suggested
by two findings in the literature (Temple and
Ladouceur 1986): (1) most serious crime in the
United States is committed by youth and young
adults, and (2) drinking also usually begins
during or before adolescence and increases until
the late teens or early twenties. However, the
results of a recent longitudinal study conducted
by Temple and Ladouceur (1986)  of young
men aged 16 to 31 suggest that this pattern of
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relationships is not found within individuals.
While the degree of individual crime and alcohol
use appeared to be related in adolescence, this
relationship diminished with age, and by age 31
no significant relationship was found between an
individual’s criminal activity and alcohol use.
Temple and Ladouceur (1986) believed that these
findings suggest that, at most, any causal relation-
ship between alcohol and crime is age specific.

The apparent relationship between alcohol use
and criminal activity may reflect patterns of
police activity as much as actual incidence of
crimes. A study of first offenders in Scotland
(Myers 1986) found that the majority of violent
and nonviolent crimes occurred at or after pub
closings in the afternoon and evening and that
the largest number of these crimes occurred at
night (see fig. 4). The investigator noted that
when drinking establishments close, police are
generally “on guard” to respond to behavior that
may be unlawful or disturbing the peace. In-
dividuals most likely to be apprehended for
crimes in such circumstances also may be more
likely to be intoxicated.

These findings indicate the importance of
using an appropriate control group when assess-
ing the relationship between alcohol and crime.
As noted by Brain, “If 50% of the population of
Glasgow are likely to be drunk on a Saturday
night, the fact that perpetrators of criminal ag-
gression are more likely to be drunk on this

evening than on other days of the week becomes
unimpressive as an indicator of a link between
alcohol and aggression” (Brain 1986, p. 238). The
limited use of appropriate control groups in
research studying the relationship of crime and
alcohol has deterred progress in understanding
this relationship.

Family Violence

Research on family violence is also hampered
by a number of problems (Leonard and Jacob
1988; West and Prinz 1987). These include the sen-
sitivity of the issues involved, varying definitions
of abuse, and frequent reliance on treatment and
adjudicated populations for research samples.
Furthermore, to the extent that a relationship be-
tween family abuse and alcohol can be docu-
mented, available data often do not make it
possible to determine whether alcohol consump-
tion is relevant or just coincidental to the cir-
cumstances that culminated in the abuse.
Observational research studying families with
alcohol-dependent members is a promising
approach that may assist in achieving better

1

understanding of alcohol’s role in family violence.

Spousal  Abuse
A recent review of studies using many

methods and examining diverse samples sup
ports clinical findings that many abused wives
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consider their husbands to be alcohol dependent
or to have other alcohol-related disabilities
(Leonard and Jacob 19881. Findings based on the
responses of husbands also indicate a relation-
ship between alcohol and physical abuse.
Leonard et al. (1985) interviewed male factory
workers about alcohol problems, wife abuse,
level of marital satisfaction, and general level of
hostility. Physical conflict with wives was ac-
knowledged by 44 percent of those interviewed
who met the diagnostic criteria for dependence
and by 14 percent of those who did not. This
relationship of alcohol and spousal abuse was
maintained after marital satisfaction, hostility,
and sociodemographic factors were controlled
for. Another study compared alcohol use in
couples characterized by physical abuse with use
in couples who were maritally discordant but
nonviolent and in couples who were satisfactorily
married (Van Hasselt et al. 1985). Based on their
self-reports and on their wives’ observations,
physically abusive males were found to have
higher scores on a screening test for alcohol de-
pendence than males in the two comparison
groups.

A national telephone survey of more than
5,000 families in the United States found that the
combination of blue-collar status, drinking, and
approval of violence was associated with the
highest rate of wife abuse (Kantor  and Straus
1987). The probability of violence tended to in-
crease with the frequency and amount of drink-
ing. However, only 22 percent of the families
reported that husbands were drinking immedi-
ately before their most recent episodes of abuse.
Another study in a large Canadian city con-
ducted diagnostic interviews of 1,200 randomly
selected residents (Bland and Orn 1986). Resi-
dents who were diagnosed to be alcohol abusers
or alcohol dependent, to have recurring depres-
sion, or to have an antisocial personality disorder
were more likely to report physical violence
toward their spouses.

The family and marital interactions of alcohol-
dependent people have been a growing area of
research interest in recent years. Observational
studies of marital and family interactions in the
home or in a homelike setting allow the manipu-
lation of variables believed to be related to
spousal abuse; this approach makes inferences of
causal relationships between alcohol and spousal
abuse possible (Leonard and Jacob 1988). Only a
few such studies have been conducted, and none
has actually focused on aggression or differen-
tiated between violent and nonviolent couples.

However, they have generated data relevant to
the issue of alcohol and spousal abuse.

Studies using the observational approach have
involved couples with one alcohol-dependent
member who performs tasks requiring interac-
tion. Verbal behavior and mood when sober and
when intoxicated were observed. Two of these
studies observed more negative responses and
hostility by the couples under conditions of in-
toxication (Billings et al. 1979; Jacob et al. 1981),
whereas in one study (Frankenstein et al. 1985)
alcohol was related to more positive mood. The
finding of more positive mood associated with
drinking is consistent with the view that drinking
may have positive and adaptive consequences for
some couples with alcohol-dependent members
by providing short-term solutions to familial
problems (Steinglass 1981; Steinglass and
Robertson 1983). In this view, such positive
con%quences  may reinforce and thereby per-
petuate excessive drinking.

Jacob and Leonard (1988) found that couples
in which the alcoholdependent member was an
episodic drinker had patterns of interactions dif-
ferent from those of couples in which the alcohol-
dependent member was a steady drinker.
Alcohol-dependent men and their wives were ob-
served during sessions when drinks were served
and when no drinking occurred. During no-
drinking sessions, the two members of each
couple showed similar levels of negative be-
havior. During drinking sessions, husbands with
episodic drinking patterns engaged in signifi-
cantly more negative behavior than their wives,
while steady-drinking husbands engaged in
significantly less negative behavior than their
wives. These findings suggest an association be-
tween general patterns of drinking behavior and
the likelihood of negative behavior during a par-
ticular session of drinking.

Taken together, these studies suggest that al-
cohol may be associated with physical violence
and other negative interactions in some families,
but that in others, it may provide short-term solu-
tions to problems and thereby perpetuate heavy
drinking. Further understanding of the role of al-
cohol in spousal violence may be gained through
a direct examination of the differential effects of
alcohol and a placebo on interactions within
violent and nonviolent couples (Leonard and
Jacob 19881.

Child Abuse
In the relatively few studies of the relationship

between child abuse and alcohol problems, a
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number of methodological and conceptual
problems have been identified that may inflate or
mask the degree of relationship.

Although the terms “child abuse” and
“physical abuse” are frequently considered
synonymous, other conceptually distinct classes
of behaviors-including sexual abuse, incest,
neglect, abandonment, and emotional abuse-
also may be referred to as child abuse (Leonard
and Jacob 1988). Studies may focus on one of
these categories or combine data pertaining to
more than one, thereby limiting the possibility of
making comparisons across studies (Leonard and
Jacob 1988). Studies often do not include a com-
parison group and are not designed to control for
potentially confounding variables such as
socioeconomic status (West and Prinz 1987).

The cases examined in these studies are fre-
quently identified through treatment or social
service programs. Such agencies may interpret
behavior of a father not known to have a drink-
ing problem differently from that of a father
known to drink (Leonard and Jacob 1988).
Similarly, a man who drinks heavily and abuses
his children may be more likely to be labeled as
alcohol dependent than a nonabusive father who
drinks just as much (Leonard and Jacob 1988).

Most studies fail to use more than one simple
measure of alcohol use, making it impossible to
determine whether the apparent relationship be-
tween alcohol and child abuse is due to acute in-
toxication or to the debilitating effects of chronic
alcohol use (Leonard and Jacob 1988). Most re-
ports either do not state what criteria were used
to determine alcohol dependence or do not
describe the procedures used in assigning this
label. They also do not discuss how intoxication
at the time of child abuse was ascertained (Orme
and Rimmer 1981).

A recent study has provided evidence support-
ing an association between alcohol problems and
child abuse (Bland and Orn 1986). Standardized
diagnostic interviews of randomly selected resi-
dents of a Canadian city found that female
caretakers diagnosed as alcohol abusers or al-
cohol dependent, having recurrent depression, or
having an antisocial personality were more likely
to report that they had physically abused their
children than parents without these diagnoses.
This study also indicated that parents who
abused their children also were more likely to
report physical violence toward their spouses as
well as involvement in other fights with adults
and fights involving weapons (Bland and Orn
1986).

Although there are very few data supporting
a causal connection between alcohol and child
abuse, it must be emphasized that very little re-
search has studied this relationship specifically
and systematically. Consequently, firm con-
clusions about the nature of this relationship can-
not be drawn.

Economic Costs of
Alcohol Abuse

The adverse social consequences of alcohol de-
pendence and abuse are associated with consider-
able economic cost. Assuming that the drinking
pattern in the United States remains constant, the
economic cost of alcohol abuse and dependence
is projected to increase from $116.9 billion in 1983
to $136.3 billion in 1990 and $150.0 billion in 1995
(Harwood et al. 1985). This projected increase of
2 percent per year is based on expected popula-
tion growth, the maturation of the “baby boom”
generation, and growth in the productivity of the
workforce. The projected values are in 1983 dol-
lars and do not include the effects of inflation. Of
the estimated $116.9 billion cost of alcoholism
and alcohol abuse for 1983, nearly $71 billion
(61 percent) was attributed to lost employment
and reduced productivity and $15 billion
(13 percent) to health care costs and treatment.

The economic cost of alcohol abuse in Min-
nesota in 1983 (Parker et al. 1987) was estimated
between $1.4 and $2.1 billion-between 2.8 and
4.3 percent of the 1983 personal income in Min-
nesota and between 26 and 39 times the revenues
generated by Minnesota’s 1983 excise taxes on al-
cohol. The total health care cost in Minnesota in
1983 was $5.7 billion (Minnesota Department of
Health 1984, cited in Parker et al. 1987). An es-
timated 3.4 to 6.4 percent of that amount ($195
million to $363 million) was attributed to alcohol-
related medical costs, of which an estimated $107
million resulted from alcohol and combined al-
cohol and drug abuse treatment costs.

The cost of treatment services for 2 years for
patients with a primary diagnosis of alcoholism
in a New York county was compared with treat-
ment costs for patients with other psychiatric
diagnoses; results indicated that, although al-
coholics represented the single largest diagnostic
group (39 percent of the cohort studied), the cost
of their care was only 22 percent of the total cost
for services (Siegel et al. 1984). The lower treat-
ment costs for alcoholics were attributed to fewer
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inpatient days and fewer days of the most costly
full-day outpatient treatment services (see chap
ter XI for further discussion on treatment costs).

However, research has demonstrated that un-
treated alcoholics and their families have greater
general health care costs than nonalcoholics and
their families. A review of studies in this area
(Holder 1987) indicated that, on the average, un-
treated alcoholics incur at least 100 percent
higher general health care costs than non-
alcoholics. This difference between untreated al-
coholics and nonalcoholics increases over time
before alcoholism treatment: During the 25 to
36 months before entering treatment, general
health care costs for the untreated alcoholic are
about 130 percent higher than for the comparable
nonalcoholic, 180 percent higher during the 13 to
24 months before treatment, and 300 percent
higher in the last 12 months before treatment.
These differences are due primarily to substan-
tially higher inpatient days per month per person
for alcoholics (Holder 1987).

In addition to documenting higher health
costs for untreated alcoholics, these studies
demonstrate that alcohol treatment costs reduce
general health care costs (Holder 1987). Although
the largest reduction occurs in comparisons of the
12 months before and after treatment, studies
have also found significant differences in health
care costs in the 24 months before and after treat-
ment begins (Holder 1987). Because the reduc-
tions in health care costs for alcoholics take place
immediately after very large increases in costs,
there is concern that the observed reductions may
actually reflect regression to the mean (Holder
and Blose 1986). To investigate this possibility,
the pattern of health care costs of alcoholics who

L

receive treatment would have to be compared
with costs for those who do not receive treatment.

In a 6-year longitudinal study, all health care
costs for a group of families with at least one
member receiving alcohol treatment services
were compared to costs of a matched group of
families with no alcoholic members (Holder and
Hallan  1986). The average monthly health care
cost for the alcoholics’ families was 1.5 to 21 times
higher in all but the fifth year after treatment (see
table 2).

A pattern of health care costs similar to that for
alcoholism has been found for other chronic dis-
eases, including the hypertensive, respiratory,
diabetic, and ischemic heart disease groups
(Schlesinger et al. 1983). Across all four disease
groups, total health care costs were found to
increase by as much as 500 percent during the
6 months before diagnosis, and total health care
costs were found to drop sharply within the first
year following diagnosis and the beginning of
treatment (Schlesinger et al. 1983).

Summary
Alcohol has been implicated in the leading

causes of accidental death in the United States:
motor vehicle crashes, falls, and fires and burns.
Of these, motor vehicle crashes are the leading
cause of injury deaths, and approximately one-
half were alcohol related in 1987. Although the
proportion of all people killed in crashes in which
at least one participant had a BAC of 0.10 percent
or higher declined from 46 percent in 1982 to
40 percent in 1987, traffic crashes remain the
greatest single cause of death in the United States
for people between the ages of 5 and 34. It has

,
TABLE 2. Average monthly health care costs for alcoholics’ families and nonalcoholics’
families

Years before (-) and after (+)
alcoholism treatment

-2
-1
+l
+2
+3
+4
+5

Average monthly cost
Alcoholics’ Nonalcoholics’

families famllles
$74.57 $6.54

74.57 6.54
40.72 1.90

9.50 2.45
24.27 3.80
26.30 17.86
12.18 16.63

OURCE: Modified from Holder and Hallan  (1986).
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been estimated that the risk of a fatal crash, per
mile driven, may be at least eight times higher
for a drunk driver than for a sober one.

About 40 percent of all teenage deaths occur
in traffic crashes. It is somewhat encouraging,
at least from the perspective of alcohol involve-
ment, that while the total number of fatal crashes
for the age group increased 5 percent from 1982
to 1987, the number of fatal teenage crashes in-
volving drunk drivers decreased 32 percent. Over
all age groups, the proportion of intoxicated par-
ticipants killed in fatal crashes has been declin-
ing. Nevertheless, approximately one-half of all
crash fatalities are alcohol related.

Although less is known about alcohol involve-
ment in other types of accidents, research find-
ings suggest that alcohol increases the risk for
falls, fires, and burns. The need for improvement
in the measurement of alcohol’s role in accidents
has been emphasized; routine BAC testing in
emergency rooms is needed, and development of
a feasible means of measuring BAC at the scene
of accidents could also reduce underreporting of
alcohol involvement in accidents. One improve-
ment in measurement is that appropriate diagnos-
tic codes for indicating acute alcohol involvement
at the time of an accident are forthcoming in
ICD-10.

Research indicates that 20 to 36 percent of
suicide victims have a history of alcohol abuse or
were drinking shortly before their suicides, and
that alcohol tends to be associated with suicides
that are impulsive rather than premeditated. The
percent of involvement in trauma is similar.

Although methodological problems in applied
research investigating the relationships between
alcohol use and crime and family violence
preclude firm conclusions about alcohol’s role,
research does suggest that alcohol may be as-
sociated with physical violence and other nega-
tive interactions in some families; it has also been
suggested that alcohol may provide short-term
solutions to problems in some families and there-
by perpetuate heavy drinking.

The economic cost of alcohol abuse and de-
pendence is projected to increase from $116.9
billion in 1983 to $136.3 billion in 1990 and
$150 billion in 1995.
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n Chapter VIII

Diagnosis and Assessment
of AlcoholUse Disoders

Introduction
The issue of the diagnosis of alcohol use dis-

orders is linked closely with the problem of
nomenclature and classification (Edwards et al.
1981). Successive efforts to develop reliable and
effective classification systems and well-founded
diagnostic procedures have led to many modifica-
tions of the terms used to describe these disorders.

The major trends in classification of alcohol
use disorders in both clinical diagnosis and in re-
search on diagnosis are discussed in the first sec-
tion of this chapter. The diagnostic procedures
are discussed in the second section.

Approaches to
Classifying Alcohol
Use Disorders

Principles and methods of diagnosis have
evolved gradually and logically. They have
tended to reflect the prevailing beliefs about the
basis and nature of alcohol use disorders.

Two of the most influential approaches to
defining and classifying alcohol use disorders in
the past 20 years have been developed by the
American Psychiatric Association (ABA) and the

World Health Organization (WHO) (Babor et al.
1986). Operational definitions and diagnostic
criteria have been developed as part of these
systems.

The pioneering definitions and diagnostic
criteria proposed by the Criteria Committee of
the National Council on Alcoholism (NCA) in
1972 were the first major attempt to make the
diagnosis of alcoholism contingent on certain
definite criteria. “Alcoholism,” a term that has
many meanings and has been used imprecisely
by scientists as well as by the general public
(Institute of Medicine 1987),  was viewed as a
progressive disorder in which physical conse-
quences were emphasized. Any combination of
86 physiologic and clinical signs and behavioral,
psychological, and attitudinal symptoms could
qualify the patient for a positive diagnosis in
this system (Babor et al. 1986). However, efforts
to test the NCA criteria in a clinical setting,
as reviewed by Jacobson (1980),  were largely
unsuccessful.

American Psychiutfic  Associufion

The first edition of the APA’s Diagnostic and
Statistical Manual ofMental  Disorders (DSM) was
published in 1952. Since then, this system has
been revised several times and considerable
changes have been made. The classification of
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substance abuse disorders in the third edition
(DSM-III) (APA 1980)  was influenced heavily by
a series of clinical studies and published review
papers on formal diagnostic criteria (Babor et al.
1986).

Initially, Guze et al. (1962) proposed basing a
positive diagnosis of alcoholism on the existence
of problems in at least three of five symptom
groups: physical consequences (e.g., tremors,
delirium tremens),  frequent or heavy daily drink-
ing, pathologic drinking behavior (e.g., inability
to stop drinking, morning drinking), impaired
social and occupational function (e.g., arrests,
fights), and subjective evaluation by the patient
or others that the patient is alcoholic. These
criteria were modified later (Guze et al. 1969). In
1972 four of these groups (all except measures of
daily consumption) were incorporated into the
Feighner diagnostic criteria for use in psychiatric
research (Feighner et al. 1972). In 1975 the
Feighner criteria were published in slightly
altered form as the Research Diagnostic Criteria
(RDC)  (Spitzer et al. 1975).

DSM-III contains a combination of the Feighner
criteria and RDC as well as some significant
innovations (Babor et al. 1986). In contrast to ear-
lier editions of DSM, DSM-III includes alcoholism
in a separate category of substance abuse disor-
ders rather than as a subcategory of personality
disorders, uses the term “alcohol dependence”
in preference to “alcoholism,” and uses specific
behavioral symptoms and characteristics to dis-
tinguish between alcohol abuse and alcohol
dependence. The diagnosis of alcohol abuse is
based on the presence of regular abnormal con-
sumption for at least 1 month and alcohol-related
impairment of social or occupational functioning,
whereas the diagnosis of alcohol dependence re-
quires the additional involvement of tolerance
or withdrawal symptoms. (Tolerance is the
diminished effect of the same amount of alcohol
that develops with regular use. Withdrawal is the
development of a complex of symptoms when
regular or sustained drinking is stopped abruptly
or decreased.) Five independent dimensions or
axes are used to provide a more comprehensive
evaluation of the individual’s condition. These
DSM-III diagnoses were all-or-nothing decisions
that did not allow for any gradation of severity.

World Health Organization

WHO has been a major force in formulating
definitions of alcoholism since its establishment
after World War II (Babor et al. 1986; Edwards et

al. 1981).  A series of WHO-sponsored expert com-
mittee meetings in which E. M. Jellinek par-
ticipated produced first (in 1952) a broad
definition of alcoholics as excessive drinkers with
noticeable mental disturbance or interference
with physical and mental health, interpersonal
relations, and social and occupational functioning
caused by alcohol dependence (WHO 1952). Then
in 1955 the importance of physical criteria was
emphasized and the major forms of alcohol de-
pendence were characterized as inability to stop
drinking before becoming drunk or inability to
abstain from drinking due to the recurrence of
withdrawal symptoms (WHO 1955). The 1952
and 1955 definitions were consistent with the
definition of alcoholism (code 303) under “Other
Nonpsychotic Mental Disorders” in the eighth
edition of WHO’s Intemationf21  Classification of
Diseme.s  (ICD-8) (WHO 1974).

In ICD-9, the next major revision of the WHO
definition (WHO 1978),  the term alcoholism was
eliminated and the concept of alcohol depend-
ence syndrome (ADS) was introduced. ADS was
based on Edwards and Gross’ (1976) formulation
that a clinical syndrome of alcohol dependence,
distinct from alcohol-related disabilities (physi-
cal, mental, and social dysfunction in which al-
cohol use is implicated), is recognizable. Both
the disabilities and the dependence were consid-
ered dimensional phenomena (i.e., existing in
degrees). ADS is described in terms of factors that
characterize increasing severity of dependence.
They are strong, internally felt needs to drink that
have a psychophysiologic basis (Institute of
Medicine 1987). Table 1 describes the seven
criteria that constitute the ADS symptom
complex.

The distinction between alcohol dependence
and alcohol-related disabilities is a significant one
that has been used in many studies of alcohol
problems (e.g., Polich and Orvis 1979; Armor et
al. 1981; Skinner 1985,1988;  Caetano 1985,1987,
1988; and see Mandell’s 119831  review). Many
questionnaires have been developed to provide
empirical support for the ADS construct; these
questionnaires are discussed in the “Assessment’
section of this chapter. Besides stimulating re-
search, the ADS concept has helped bring some
order and precision to alcoholism classification
and nomenclature (Babor and Kadden 1985).

The major differences between the APA’s
DSM-III and WHO’s ICD-9 were that (1) in
ICD-9, ADS differentiated between alcohol de-
pendence and alcohol-related disabilities,
whereas alcohol-related disabilities could form
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TABLE 1. Factors in the alcohol dependence syndrome

1. Narrowing of the drinking repertoire:
Increasing severity of dependence is marked by increasingly stereotyped drinking with
little day-to-day variability of beverage choice; drinking is scheduled so as to maintain
a high blood alcohol level.

2. Salience of drink-seeking behavior
Increasing severity of dependence is marked by the individual granting highest priority to
maintaining alcohol intake, with a failure of negative social consequences to deter drinking
behavior.

3. Increased tolerance:
Increasing severity of dependence is marked by the individual functioning at blood alcohol
levels that would incapacitate the nontolerant drinker. In later stages, the individual begins
to lose previously acquired tolerance because of liver damage, aging, and/or brain damage.

4. Repeated withdrawal symptoms:
With increasing severity of dependence, the individual manifests more frequent and severe
withdrawal symptoms; four key symptoms are tremor, nausea, sweating, and mood
disturbance.

5. Relief avoidance of withdrawal symptoms:
With increasing severity of dependence, the individual drinks earlier in the day and may even
awaken in the middle of the night to drink.

6. Subjective awareness of a compulsion to drink:
With increasing severity of dependence, the individual experiences a sense of “loss of control”
or impaired control over alcohol intake and a subjective sense of craving or desire to drink.
Cues for craving may include the feeling of intoxication, withdrawal, affective discomfort,
or situational stimuli.

7. Reinstatement after abstinence:
With increasing severity of dependence, the individual feels “hooked” within a few days of
starting to drink and drinking will revert to the old stereotyped pattern. The six elements
of the syndrome rapidly reappear.

OURCE: Meyer 1986.

part of the definition of dependence in DSM-III,
and (2) in ICD-9, ADS was a dimensional con-
struct, whereas DSM-III dealt with alcohol de-
pendence and abuse as “discrete categorical
diagnoses” (Institute of Medicine 1987, p. 135).

An Emerging Synthesis: DSM-III-R,
DSM-IV, and /CD- 70

Changes proposed for the entire substance
abuse disorders section of DSM-III (APA 1986;
Rounsaville et al. 1986) were incorporated in the
revised version DSM-III-R (APA 19871,  which
has been adopted widely, and the changes are
being considered for inclusion in DSM-IV. Two

primary changes were made: (1) A dimensional
model of dependence resembling the ADS con-
struct (with provision for denoting the degree of
dependence as “in remission,” “moderate,” or
“severe”) was introduced; (2) The distinction be-
tween alcohol abuse and dependence was
modified to put less emphasis on tolerance and
withdrawal and to include cognitive and be-
havioral symptoms in the criteria for dependence.
The same set of symptoms and behaviors is used
to determine dependence on all classes of
psychoactive substances. At least three criteria
must be present to diagnose dependence (see
table 2). Medical and social consequences are
among the primary diagnostic criteria for alcohol
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TABLE 2. Comparison of proposed ICD-10 and DSM-III-R diagnostic criteria (for alcohol use
disorders)

Generic terminology Proposed ICD-10 criteria DSM-III-R criteria

Alcohol abuse Fl 0.1 Harmful use of alcohol a. A maiadaptive pattern of alcohol
use indicated by at least one of the

a. Clear evidence that alcohol use following:
is responsible for causing actual (1) Continued use despite knowledge
psychological or physical harm to of having a persistent or recurrent so-
the user. ciai,  occupational, psychological, or

physical problem that is caused or ex-
b. The nature of the harm should be acerbated by alcohol use; or
clearly specified. (2) Recurrent use in situations in which

alcohol use is physically hazardous
c. The pattern of use has persisted (e.g., driving while intoxicated).
for AT LEAST 1 MONTH or has oc- b. Some symptoms of the disturbance
curred  repeatedly over the previous have persisted for at least 1 month, or
12 MONTHS. have occurred repeatedly over a longer

period of time.
c. Never met the criteria for alcohol
dependence.

Alcohol dependence F10.2 Alcohol dependence syndrome Alcohol dependence

Three or more of the following are a. At least three of the following are
required: required:

Compulsion i) A strong desire or sense of com- [Partial relation to (1) below]
pulsion to drink.

(1) Alcohol often taken in larger
amounts or over longer period than the
person intended.

Loss of control ii) Evidence of impaired capacity to (2) Persistent desire or one or more
control alcohol use behavior in terms unsuccessful efforts to cut down or
of its onset, termination, or levels of control alcohol use.
use.

Relief drinking iii) Alcohol use to relieve or avoid
withdrawal symptoms, and subjec-
tive awareness that this strategy is
effective.

(9) Alcohol often taken to relieve or
avoid withdrawal symptoms.

Withdrawal

Tolerance

iv) A physiological withdrawal state. (8) Characteristic alcohol withdrawal.

v) Evidence of tolerance such that (7) Marked tolerance: need for mark-
increased doses of alcohol are re- edly increased amounts of alcohol (i.e.,
quired in order to achieve effects at least a 50% increase) in order to
originally produced by lower doses. achieve intoxication or desired effect,

or markedly diminished effect with
continued use of the same amount.
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TABLE 2. Comparison of proposed ICD-10 and DSM-III-R diagnostic criteria (for alcohol use
disorders) (Continued)

Generic terminology Proposed ICD-10 criteria DSM-III-R criteria

Narrowing of the vi) A narrowing of the personal [None]
repertoire repertoire of patterns of alcohol use.

Progressive neglect vii) Progressive neglect of afterna- (5) important social, occupational, or
tive pleasures, behaviors, or inter- recreational activities given up or
ests in favor of drinking. reduced because of alcohol use.

Consequences viii) Persisting with alcohol use (6) Continued alcohol use despite
despite clear evidence of harmful knowledge of having a persistent or
consequences (see F10.1). Adverse recurrent social, psychological, or
consequences may be medical or physical problem that is caused or
psychological. exacerbated by drinking.

Time with alcohol [None] (3) A great deal of time spent drinking
or recovering from the effects of
drinking.

Interference with
role obligations

[None] (4) Frequent intoxication or withdrawal
symptoms when expected to fulfill
major role obligations at work, school,
or home, or when alcohol use is
physically hazardous.

Time/duration Symptoms experienced or exhibited b. Some symptoms of the disturbance
AT SOME TIME DURING THE PRE- have persisted for at least 1 month, or
VIOUS  12 MONTHS or continuously have occurred repeatedly over a longer
during 1 MONTH. period of time.

abuse, which is defined in DSM-III-R as a pattern
of use that results in physical or psychological
harm.

Like DSM-III, DSM-III-R uses five axes to
provide a more comprehensive picture of the
individual’s condition. Rounsaville et al. (1987)
suggested that with the elimination of the require-
ment for social consequences to have occurred as
a result of substance use in DSM-III-R and with
the expansion of the number of behaviors indicat-
ing impaired control over substance use, more in-
dividuals may fulfill the criteria for a substance
abuse disorder and diagnosis may be established
earlier.

At approximately the same time DSM-III-R
was being planned, the concept of alcohol de-
pendence in ICD-9 was being reviewed (WHO
1986). In the planned ICD-10, the APA and WHO
systems have been synthesized somewhat,

despite differences remaining in the wording,
coverage, and application of the ADS concept
(Caetano 1987,19&X3; Rounsaville 1988). Both
DSM-III-R and the planned ICD-10 define alcohol
dependence similarly, based on the elements
proposed by Edwards and Gross (19761, and both
reflect a general evolution toward detailed evalua-
tion of alcohol use disorders by means of multi-
ple criteria (Babor et al. 1986). Table 2 compares
ICD-10 and DSM-III-R criteria.

Both systems now contain a residual category
that permits classification of the medical and
psychological consequences that are directly re-
lated to alcohol consumption and associated with
a regular pattern of use. The residual category in-
cluded in DSM-III-R is intended for use with
people who have relatively mild dependence or
who have just begun to use a psychoactive sub-
stance (Rounsaville et al. 1987). ICD uses the
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term “harmful alcohol use,” and DSM, “alcohol
abuse,” to denote consumption that is causing
physical or psychological harm.

DSM-IV and ICD-10 most likely will be in
worldwide use by 1994. It is hoped that they will
lead to a consensus for diagnostic reimbursement
and perhaps diagnostic research purposes.

Assessment
DSM-III-R and the proposed ICD-10 criteria

allow for a diagnosis of alcohol dependence once
an individual has three or more of the criteria
listed in table 2. Because many combinations of in-
dicators are possible, however, a positive diag-
nosis does not specify which kinds of problems
brought a particular individual to treatment.
Thus careful assessment before treatment be-
comes a necessity.

The APA and WHO approaches to classifying
alcohol use disorders have generated abundant ef-
forts to design assessment techniques and instru-
ments that are effective in identifying persons
(1) who are drinking excessively and experiencing
alcohol-related disabilities but who may not ful-
fill established criteria for alcoholism and (2) who
require minimal or more intensive treatment.

Advances in assessment technology have led
to the development of procedures for screening,
diagnosis, and differential assessment. A related
development is Skinner’s (1985,1988,  in press)
proposal to transform the biaxial WHO classifica-
tion-core ADS and physical/psychological/
social disabilities associated with excessive
drinking (Edwards et al. 1977)-into  a multiaxial
classification that incorporates drinking history,
dependence symptoms, medical and social
problems related to drinking, and treatment-
relevant individual factors.

Principles of Screening and Early
Diagnosis

Screening is the use of easily and inexpen-
sively administered procedures in an attempt to
establish the presence/absence or degree of
severity of a condition. It currently is undertaken
for many physical and psychiatric disorders.
Diagnosis is the confirmation of the nature and
circumstances of a condition. It usually is accom-
panied by recommendations for intervention and
treatment.

Screening is an important preliminary step
in the diagnosis of alcohol use disorders. It is

needed to ensure the early identification of in-
dividuals who have begun to develop or are
at risk of developing alcohol use problems.
Screening tests serve to direct these individuals
toward further assessment, which may include a
medical and psychiatric history, physical and
psychiatric examinations, laboratory analysis,
and further, more indepth assessment. Based
on the assessment, a diagnosis is confirmed or
refuted according to prevailing criteria (Saunders
and Aasland 1987), such as DSM-III-R and ICD-9.

Strong support for the value of screening and
early diagnosis is provided by numerous studies
indicating the benefits of intervention and treat-
ment for persons selected through the screening
process. (See chapters X and XI.)

Screening procedures should be valid (i.e.,
measure what the researcher or clinician is
attempting to measure) and yield findings that
are reliable (i.e., consistent across raters and
time). Other key properties of screening proce-
dures are sensitivity and specificity. Sensitivity is
a test’s accuracy in identifying persons who have
the target condition. Specificity is a test’s ability
to classify correctly as negative those who do
not have the condition. As Rice (NIAAA 1987)
pointed out, a perfect screening test would iden-
tify correctly all subjects with, and all subjects
without, a given condition. However, this goal is
unattainable, because a test’s specificity decreases
as its sensitivity increases and vice versa. Too
much sensitivity would increase the likelihood of
overdiagnosis of alcohol problems, and too much
specificity would increase the chances for under-
diagnosis. A balance is needed. Statistical tech-
niques are used to select cutoff scores to classify
subjects as positive or negative and to set the
desired level of sensitivity and specificity of a
given test.

Screening Methods and Standardized
lnfervie ws

Screening methods include questionnaires and
interviews for assessing psychosocial indicators
of alcohol problems, and laboratory tests and
other biological measures for detecting biochemi-
cal markers of excessive drinking. Screening
questionnaires are often self-administered.
More complex instruments (questionnaires and
standardized interviews) are used to reproduce
the process by which clinicians arrive at a diag-
nosis and are checked for interrater reliability.
Screening instruments typically do not provide
information that is useful in selecting treatment
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programs and specifying treatment goals,
whereas the more complex questionnaires and in-
terviews collect richer information and permit
more detailed evaluation of the patient with
regard to treatment planning.

Many traditional screening questionnaires ask
questions in “ever” terms to determine the
presence or absence of symptoms. Other screen-
ing instruments require subjects to indicate
present-state habits, behaviors, and feelings.
Each type has advantages and limitations.

The CAGE questionnaire (Mayfield et al. 1974;
Ewing 1984) is a simple, easily administered, four-
item instrument named for the symptoms it seeks
to detect: “Have you ever felt you should cut
down on your drinking?“ “Have people annoyed
you by criticizing your drinking?” “Have you
ever felt bad or guilty about your drinking?”
“Have you ever had a drink first thing in the
morning to steady your nerves or to get rid of a
hangover (eye opener)?” One “yes” response
raises suspicions of an alcohol use problem, and
more than one is a strong indication that a prob-
lem exists. CAGE takes only 30 seconds to ad-
minister. When included as part of a routine
health screening it may detect alcohol use prob-
lems that might be missed otherwise (Clark 1981).

Bush et al. (1987) tested the hypothesis that the
CAGE questionnaire would improve the rate of
detection by physicians. More than 500 ortho-
pedic and medical patients completed an inter-
view containing CAGE. The findings show that
physicians detected 63 percent of excessive
drinkers and alcoholics without using CAGE,
whereas with CAGE questions they identified
70 percent of excessive drinkers and 94 percent
of alcoholics. (See also the “Primary Health Care
Settings” section.)

The Michigan Alcoholism Screening Test
(MAST) is a formal questionnaire (Seizer 1971)
that can be administered during a regular health
screening. Many of its items concern psychosocial
complications of drinking and subjects’ own per-
ceptions of their alcohol problems. Originally
designed as a face-to-face interview, it was con-
verted first to a 25-item self-administered ques-
tionnaire (see table 3) and then to the 13-item
self-administered Short MAST (SMAST) (Seizer
et al. 1975). Pokomy et al. (1972) constructed a
IO-item Brief MAST.

Cyr and Wartman  (1988) interviewed 232 new
patients in a medical primary care unit using a
questionnaire that included the 25-item  MAST.
They concluded that incorporation of two ques-
tions-“Have you ever had a drinking problem?”

and ‘When was your last drink?“-in the routine
medical history is an important first step toward
identifying patients who warrant further study to
establish a diagnosis of alcoholism.

Similar to MAST is the Self-Administered Al-
coholism Screening Test (SAAST) (Swenson and
Morse 1975),  an instrument that can be used as a
questionnaire or interview. After using SAAST
with 1,002 consecutive patients undergoing
general examinations, Hurt et al. (1980) recom-
mended this test, particularly as an adjunct to the
physician’s interview and examination. Results
of administration of the original SAAST and a
9-item version to 520 alcoholics and 636 non-
alcoholics strongly support the use of both ver-
sions in screening medical patients for alcoholism
(Davis et al. 1987). Eighty percent of patients
were classified accurately with the 9-item format
as being alcoholic if they responded affirmatively
to two items: “Do close relatives ever worry or
complain about your drinking?” and “Have you
ever felt the need to cut down on your drinking?”

The MacAndrew Alcoholism Scale (Mac-
Andrew 1965) is a subset of items from the Min-
nesota Multiphasic Personality Inventory (MMPI)
that appear to discriminate well between al-
coholics and nonalcoholics. This scale was based
on studies of the responses of 300 male alcoholic
outpatients and 300 male nonalcoholic psychi-
atric outpatients from an urban treatment clinic.
It is unique among self-report screening instru-
ments in that it does not ask directly about drink-
ing or its consequences. Although it is considered
less valuable than other self-report procedures
(Preng  and Clopton 1986),  it cannot be faked
easily, and it may identify specific alcoholic
subtypes (e.g., hedonistic, extraverted, and
nonconformist) (Allen et al. 1988).

The Substance Abuse Proclivity Scale (SAPS)
is an MMPI-derived scale that was developed
with and for young males in the age range 16-21
(MacAndrew 1986). It is designed to detect
problem-engendering use of alcohol and/or
other substances. SAPS was shown to retain its
effectiveness when applied to samples of young
adult male substance abusers (ages 22-26),
college students (22-26), psychiatric outpatients
(22-26), and medical outpatients (20-29)
(MacAndrew 1987).

Adolescent Drinking Index (Harrell and Wirtz
1988) is a self-report instrument developed
specifically for use with adolescents. Its 24 items
deal with four conceptual dimensions: loss of con-
trol of drinking; and social, psychological, and
physical symptoms. In a recent study it correctly
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TABLE 3. Michigan Alcoholism Screening Test (MAST)

Points Question YES NO- -_

0. Do you enjoy a drink now and then? - -
(2) l l . Do you feel you are a normal drinker? (By normal we mean you

drink less than or as much as most other people.)
-(2) 2. Have you ever awakened the morning after some drinking the

night before and found that you could not remember a part of the
evening? - -

(1) 3. Does your wife, husband, a parent, or other near relative ever worry
or complain about your drinking?

(2) ‘4. Can you stop drinking without a struggle after one or two drinks? q _

(1) 5. Do you ever feel guilty about your drinking? - -
(2) l 6. Do friends or relatives think you are a normal drinker? - -
(2) l 7. Are you able to stop drinking when you want to?

(5) 6. Have you ever attended a meeting of Alcoholics Anonymous (AA)? q =
(1) 9. Have you gotten into physical fights when drinking? - -
(2) 10. Has your drinking ever created problems between you and your

wife, husband, a parent, or other relative? - -
(2) 11. Has your wife, husband (or other family members) ever gone to

anyone for help about your drinking? - -
(2) 12. Have you ever lost friends because of your drinking? - -
(2) 13. Have you ever gotten into trouble at work or school because of drinking? _ _
(2) 14. Have you ever lost a job because of drinking?

- -(2) 15. Have you ever neglected your obligations, your family, or your work
for two or more days in a row because you were drinking? - -

(1) 16. Do you drink before noon fairly often? - -
(2) 17. Have you ever been told you have liver trouble? Cirrhosis?

- -(2) l *16. After heavy drinking have you ever had Delirium Tremens (D.T.‘s)
or severe shaking, or heard voices or seen things that
really weren’t there? - -

(5) 19. Have you ever gone to anyone for help about your drinking? - -
(5) 20. Have you ever been in a hospital because of drinking? - -
(2) 21. Have you ever been a patient in a psychiatric hospital or on a

psychiatric ward of a general hospital where drinking was part of
the problem that resulted in hospitalization? - -

(2) 22. Have you ever been seen at a psychiatric or mental health clinic or
gone to any doctor, social worker, or clergyman for help with any
emotional problem, where drinking was part of the problem? - -

(2) ***23. Have you ever been arrested for drunk driving, driving while
intoxicated, or driving under the influence of alcoholic beverages? _ _
(IF YES, How many times? )

(2) l **24. Have you ever been arrested, or taken into custody, even for a few
hours, because of other drunk behavior? - -
(IF YES, How many times? )

'Almhnlir,scr.rmca ic ..-.&.rr.

“5 points for Delirium Tremens.
“‘2 points for each arrest.
SCORING SYSTEM: In general, five points or more would place the subject in an “alcoholic” category. Four points would be sugges-
tive of alcoholism, three points  or less would indicate the subject was not alcoholic.
SOURCE: Lettieri et al. 1995.
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identified 88 percent of adolescents with, and
82 percent without, alcohol problems when these
two categories were distinguished (Allen et al.
1988). The Ten Question Drinking History was
developed to identify heavy drinking among
obstetric patients (Rosett  and Weiner 1985).

The Addiction Severity Index (McLellan  et al.
1980) is a highly structured clinical interview
designed for use by a trained technician to rate
the severity of problems in six areas that suggest
the need for treatment: drug and alcohol use,
medical, psychiatric, legal, family and social, and
employment and support. Subjects’ status during
the previous 30 days is a major focus. Studies con-
ducted with male veteran alcoholics and drug ad-
dicts (McLellan  et al. 1980),  male and female
opiate addicts seeking treatment (Kosten et al.
19831,  and male and female drug- and alcohol-
dependent clients (NIDA 1985) have shown it to
be an effective instrument for differentiating
adults and self-supporting, older adolescents into
subgroups with different treatment needs.

The Inventory of Drinking Situations is a self-
report questionnaire that provides a profile of the
types of situations in which a client drank heavily
during the previous year (Lettieri  et al. 1985). It is
intended for use at the beginning of therapy and
at followup.

Numerous questionnaires have been devel-
oped to provide measures of the degree of
alcohol dependence in accordance with Edwards
and Gross’ (1976) original ADS formulation.
These include the Severity of Alcohol Depend-
ence Questionnaire (Stockwell et al. 1979,1983),
Edinburgh Alcohol Dependence Schedule (Chick
198Oa,b),  Alcohol Dependence Scale (Skinner and
Allen 1982; Skinner and Horn 19841,  Last Six
Months of Drinking Questionnaire and Last
Month of Drinking Questionnaire (Hesselbrock
et al. 1983,1985), Rand Dependence Scale (Polich
et al. 1981), and Short-Alcohol Dependence
(Raistrick et al. 19831, which also is called the
Alcohol Dependence Data Schedule (Edwards
1986). Skinner’s (1981b)  analysis of the scales of
the Alcohol Use Inventory (Wanberg  et al. 19771,
an instrument used to determine quantity and fre-
quency of alcohol consumption at screening and
followup, also provides empiric evidence for the
ADS construct.

At least three structured interviews have been
developed recently to evaluate the diagnostic
criteria for ADS and currently are being field
tested: the Structured Clinical Interview for DSM-
III-R, devised by Spitzer and Williams; the Com-
posite International Diagnostic Interview (CIDI),

,

devised by Robins et al. (1988); and Schedules for
Clinical Assessment in Neuropsychiatry (SCAN)
(Wing et al. in press). CID1 was created at the re-
quest of the WHO task force formed to help write
the forthcoming ICD-10 chapter on mental dis-
orders. CID1 is an international epidemiologic
survey instrument that permits DSM-III-R and
ICD-10 to be derived by computer from the
results of a questionnaire administered by a non-
clinician. SCAN is an expanded version of the
ninth edition of the Present State Examination, an
interview designed to allow an examiner to deter-
mine the presence and severity level of neurologi-
cal, cognitive, and psychosocial symptoms of
mental disorders. It contains a new section
devoted to alcohol use disorders. Multicenter
field trials are under way.

Table 4 provides examples of assessment in-
struments designed to achieve a variety of goals
in the recognition and treatment of alcohol
problems. Table entries are intended as examples
only and should not be construed as necessarily
the best instruments available.

Self-Report Procedures

Self-report procedures (e.g., interviews, ques-
tionnaires, and computer-assisted tests) have
been the main method used to assess drinking
behavior and related consequences. The relative
validity and reliability of responses have been is-
sues of concern.

Sobell,  Sobell,  Riley, et al. (1988)  found that
69 excessive drinkers’ retrospective reports of
past drinking behavior and life events lap-
proximately 8 years prior to interview) were
generally reliable. The investigators assessed
drinking behavior with the Lifetime Drinking
History Questionnaire (Skinner and Sheu 1982)
and life events with the Recent Life Changes
Questionnaire &he 1975).

Davis and Morse (1987) reported a high level
of agreement on SAAST results for 240 patient-
collateral pairs, thus confirming Morse and
Swenson’s (1975) finding that collateral SAAST
ratings of patients’ drinking behavior are ac-
curate and can be helpful in alcoholism diagnosis.

A number of factors can influence respond-
ents’ performance, and response bias can have
many sources. Skinner (1984)  composed a check-
list of specific factors affecting the validity of al-
cohol use assessments (see table 5). Table 6 lists
various procedures that may be used to reduce
response bias and increase validity that have been
developed in a series of studies on measurement
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TABLE 5. Factors influencing  the validity of self-reports

Invalidating factors Validating factors

individual has positive blood alcohol concentra- l

tion at time of assessment.

Individual is experiencing withdrawal symptoms l

or acute physical/mental distress.

Unstructured, general, or vague items are used l

in taking the drinking history.

Individual is not aware that self-reports will be l

checked against objective criteria.

Thre is minimal contact or supportive counseling l

with the individual.
Good rapport is established with the individual.

Individual has clear motives to dissimulate, e.g., l

abstinence is a condition of parole or continued
employment.

Individual has no obvious reasons for distorting
reports of alcohol use.

Individual has doubts about the confidentiality of l Confidentiality of information is assured to the
information he or she provides. individual.

Individual is alcohol (or drug) free at time of
assessment.

Individual is stable, no major symptoms.

Structured, carefully developed instruments
are used.

Individual is aware that self-reports will be
checked with other sources (laboratory tests,
collaterals, records).

;OURCE:  Modified from Skinner 1984.

of response bias and interviewer bias (Bradburn
and Sudman 1979; Cannel1 et al. 1981; Cooper
et al. 1981; Harrell1985; Hubbard et al. 1977;
Skinner 1981a).

Until recently, the methods used most often to
evaluate drinking behavior have been quantity-
frequency methods, which require individuals to
characterize their drinking in terms of average or
typical consumption patterns. The timeline  (TL)
method, an alternative for assessing recent drink-
ing behavior, requires subjects to estimate their
actual daily alcohol intake for a specified period.
With the use of the TL method, generally good
agreement has been found between self-reports
and collaterals’ reports of drinking (Maisto et al.
1979,1982,1985;  O’Farrell et al. 1984; Zweben
1986) and between official reports and self-
reports of arrests and hospitalizations (Cooper et
al. 1981; Maisto et al. 1979,1985).  The TL method
has been shown to be valid in a nonclinical
population as well (Connors et al. 1985; Sobell  et
al. 1986; Sobell, Sobell, Leo, and Cancilla 1988).

O’Farrell and Maisto (1987) summarized the
conclusions of a number of literature reviews on
the reliability and validity of alcoholics’ self-
reports of drinking and related behavior (mainly
Marlatt et al. 1986 and Sobell et al. 1986; also
Armor et al. 1978; Babor et al. 1986; Maisto and
Cooper 1980; Midanik 1982; O’Farrell and
Langenbucher 1988; Polich 1982; Skinner 1984;
Sobell  and Sobell  1982). They indicated good

reliability and validity across different samples of
excessive drinkers for frequency reports of
hospitalization, jailing, drinking, and abstinence,
and good reliability and modest agreement with
collaterals’ reports for measures of problem
severity and alcohol dependence symptoms.
For amount consumed, reliability is good for
outpatient alcoholics but not for inpatient and
residential alcoholics, and substantial agreement
with collaterals’ information is found only for
problem drinkers at followup assessment.

Computerized Screening

Skinner and Pakula’s (1986) brief survey of the
literature on the impact of computerization on
psychometric properties indicates that com-
puterized test administration may standardize
the assessment situation, increase the accuracy of
information about sensitive issues, and reduce
response bias. However, it also may present an
environment that is different from the standard
procedure for test administration and may intro-
duce unreliability for individuals who are un-
familiar with computers.

The potential for innovative use of com-
puterized assessment is considerable. Skinner
et al. (1985a,  1987) studied the possibility of
using microcomputers to screen family practice
patients. Information about alcohol, tobacco,
and other drug use was elicited with a self-
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TABLE 6. Procedures for minimizing response bias and enhancing validity

Source of bias Solution

Ambiguous role requirements or task definition

Specificity of desired responses

Interviewer bias and unreliability

Forgetting, telescoping

Response distortion

Motivation

Guarantee anonymity/confidentiality
Give clear instructions/examples
Emphasize scientific or clinical role
Word questions carefully
Use multiple questions
Ask followup questions
Train interviewer
Standardize interview protocols
Develop specific interview techniques
increase question length
Provide more complete instructions
Give fixed-response choices
Use memory aids and bounded recall techniquesa
Alert subject to the problem
Pose recognition questions
Use diaries/calendars/timeline

Obtain a clear commitment/agreement
Give clear instructions
Use bounded recall techniquesa
Provide prompts/encouragement/reinforcement
Give a feedback session
Use the “bogus pipeline procedure”b

mque whereby subj&%  are given results of previous responses to aid their recall.
\ procedure in which subjects are asked to give information and led to believe that the person collecting the information can

validate it through objective, external means.
SOURCE: Modified from Babor  et al. 1987. Copyright 1987 by Alcohol Research Documentation, Inc., Rutgers Center of Alcohol
Studies.

administered questionnaire, an interview
conducted by a research assistant, or computer-
ized assessment. No differences in levels of con-
sumption or reported problems were found
among patients in the three assessment condi-
tions. Before screening, most patients indicated
assessment by interview as their first choice and
computerized assessment as their last choice.
After screening, however, computer-assessed
patients indicated significantly increased prefer-
ence for this methpd  (from 13 to 43 percent).
Skinner et al. (1987) found patients’ responses to
computerized assessment to be reliable over a
3-week period and consistent with responses
given to their physician.

Patients being treated by psychiatrists also
seem to accept computer interviews well
(Coddington and King 1972). Research has shown
that this approach can produce more accurate
and reliable information than a clinician elicits
(Carr  and Ghosh 1983; Carr et al. 1981).  Patients
also tend to reveal more to the computer than to a

psychiatrist (Greist, Gustafon, et al. 1973; Greist,
Klein, et al. 1973; Evans et al. 1973; Lucas et al.
1977),  especially about deviant social behavior
(Greist 19771, perhaps because they perceive the
computer to be nonjudgmental (Greist, Gustafson
et al. 1973).

Biochemical Markers

Laboratory tests frequently are used to cor-
roborate the results of the physician’s interview
and examination and of self-administered tests.
Laboratory findings can represent objective
biochemical markers of problem drinking and
alcoholism in uncooperative patients who deny
any drinking problem (Reich 1988).

Allen et al. (1988)  distinguished two basic
approaches to identifying biochemical
markers of alcoholism. The first relies on
routinely administered clinical laboratory
tests, and the second, on specialized laboratory
tests.
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Researchers have achieved varying degrees of
success using conventional laboratory markers
alone to identify and monitor alcohol abusers;
some of these markers are blood levels of gamma-
glutamyltransferase (GGTI,  aspartate amino-
transaminase/glutamic  oxaloacetic transaminase,
and alkaline phosphatase (all enzymes found in
the liver and other organs); mean corpuscular
volume (MCV; an index of red blood cell size);
uric acid; blood lipids; and blood alcohol con-
centration (BAC)  (Salaspuro  1986). Values of
these markers increase to varying degrees with
alcohol use.

The usefulness of GGT, which is involved in
the active transport of amino acids across the
blood-brain barrier, has been the subject of much
study. This enzyme has been found to be a rela-
tively sensitive index of liver damage compared
with other routinely assayed enzymes (e.g., the
transaminases, bilirubin, and albumin) in clinical
studies of alcoholics and heavy drinkers (Schuckit
and Griffiths 1982; Gjerde et al. 1987). Penn and
Worthington (1983) questioned the clinical rel-
evance of increased GGT activity in the blood,
because serum activity of this enzyme rises in
almost all types of liver disease and may rise
in pancreatic, cardiac, and kidney diseases,
neurologic  disorders, and diabetes mellitus,
among other diseases. Moreover, serum activity
of GGT is affected by various substances, includ-
ing alcohol. Based on studies of Norwegian sub-
jects, Gjerde et al. (1987) suggested the possibility
of using GGT as an epidemiologic marker of al-
cohol consumption, but they emphasized the
need for caution in applying their findings to
populations from other countries. Irwin et al.
(1989)  found an association between increased
blood GGT levels and impaired visuoperceptual
and visuoconceptual functioning in 132 chronic
alcoholic men in an alcohol treatment program.
Other laboratory tests documenting liver injury
(aspartate aminotransaminase and alanine  trans-
aminase, total and direct bilirubin, albumin, and
globulin) did not predict neuropsychological
performance or contribute significantly to the
specific association between elevated GGT levels
and neuropsychological deficits. Another po-
tential marker is urinary dolichols (substances
involved in the formation of certain protein-
carbohydrate compounds), which have been
reported to be significantly more sensitive than
GGT for detecting alcoholism (Roine  et al. 1987).

Simultaneous use of two or more conventional
laboratory markers generally has proven more
successful than use of a single marker. O’Farrell

and Maisto (1987)  cited findings indicating that
the level of marker sensitivity ranges from a low
of 30 to 40 percent when a single individual
biochemical is used with healthy alcoholics, to
a high of 70 to 80 percent when two or more
markers are used with alcoholics receiving
treatment for alcohol-related health problems
(Bernadt et al. 1982; Chick et al. 1981; Sanchez-
Craig and Annis  1981; Skinner et al. 1984).

Watson et al. (1986) reviewed studies demon-
strating that the use of statistical analysis of pat-
tern changes in laboratory test batteries increases
the diagnostic efficiency of biochemical markers.
There is no consensus yet regarding which sta-
tistical model applies best to the diagnosis of
alcohol use disorders by routine blood tests (e.g.,
Eckardt et al. 1984; Freedland et al. 1985).

Excessive alcohol consumption has been asso-
ciated with increasing levels of the carbohydrate-
deficient form of transferrin, a protein that
transports iron. Analysis of carbohydrate-
deficient transferrin (CDT) with a new technique
permitting rapid detection and measurement in
serum indicated that CDT may be a clinically use-
ful marker of heavy alcohol consumption (Stibler
et al. 1986). Clinical evaluation showed that
77 patients with alcohol use disorders could be
distinguished from 33 total abstainers and from
80 healthy normal consumers with a specificity of
100 percent and a sensitivity of 91 percent. CDT
levels correlated significantly with the amount of
alcohol consumed during the preceding month.
Elevated CDT levels appeared occasionally in
healthy subjects after daily consumption of ap-
proximately 60 g of alcohol (about 2 oz) during a
lOday period. Thus it appears that, to produce a
general elevation of CDT value, either the con-
sumption level has to be higher or the period of
regular intake has to be longer.

Stibler and Hultcrantz (1987) studied the
specificity of the new technique with respect to
liver diseases of nonalcoholic origin. CDT values
were normal in all 87 patients who did not have
current excessive alcohol consumption, regard-
less of their type or degree of liver disease. Thir-
teen of the 15 heavy drinkers (87 percent) who
were currently consuming 60 g of alcohol or more
daily showed elevated CDT values, but levels
were normal in patients with alcohol-induced
liver disease who had stopped drinking many
years earlier. Thus CDT can be used to assess
present but not previous heavy consumption,
even in patients with various liver diseases.

Behrens et al. (1988)  demonstrated the effec-
tiveness of CDT in identifying black and Puerto
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Rican alcoholics. Elevated CDT levels also were
found in this study in some nonalcoholics with
primary biliary cirrhosis (chronic bile duct inflam-
mation resulting in fibrosis of the liver and
spleen).

Use of the blood level of the mitochondrial
liver enzyme aspartate aminotransferase (AST)
and its ratio with total AST has been found effec-
tive in discriminating between alcoholics and nor-
mal subjects and in detecting chronic excessive
drinking (Nalpas et al. 1984,1986;  Lumeng 1986).
The blood metabolite 2,3-butanediol  (Rutstein et
al. 1983) has been proposed as a possible marker
of alcohol use disorders.

Numerous studies have focused on the use of
acetaldehyde (ACH), the major metabolite of al-
cohol. All known pathways of alcohol metabo-
lism result in producing ACH (Lieber 1988b).
ACH has been shown to bind to certain proteins
and to form acetaldehyde adducts (AAs) (Lieber
1988a,b;  Nomura and Lieber 1981; Behrens et al.
1988; Lin et al. 1988; Donohue et al. 1983; Stevens
et al. 1981). Researchers have investigated the
potential use of AAs as a marker of alcohol con-
sumption (Hoerner et al. 1986; San George and
Hoberman  1986; Niemela  et al. 1987; Hoemer et
al. 1988; Petersen et al. 1988). The antibodies
against AAs,  formed either by immunization
with the AAs or by chronic alcohol consumption,
also may have diagnostic relevance (Israel et al.
1986,1987).  Israel et al. (1988) reviewed the con-
cepts involved in the immunologic abnormalities
accompanying alcoholic liver disease. They em-
phasized recent findings that support a possible
role of alcohol metabolites in triggering an im-
munologic response and the potential use of
antibodies against ACH-generated epitopes
(antigenic determinants) in diagnosing alco-
holism and alcoholic liver disease. (See chapter V.)

The new findings concerning the role of ACH-
protein adducts and associated immune response
in the development of alcohol-induced liver in-
jury have implications for diagnosis and fol-
lowup of alcohol use disorders. This area is one
of the most active areas of research today.

Self-Repoffs  Versus Biological Markers

Despite problems with self-administered tests,
they generally are more sensitive and specific
than routine blood tests and probably will con-
tinue to be for some time (Allen et al. 1988).
Known heavy drinkers may be less likely to mis-
represent their drinking problem. When alcohol

problems are not apparent, self-report is pref-
erable to other measures, because specificity is
higher. Self-report alone is not an ideal tool for
followup, however (e.g., Orrego  et al. 1979; Fuller
et al. 19881.

O’Farrell and Maisto (19871 reviewed studies
of the relative contribution of biochemical
markers and other methods. They cited findings
showing the clear superiority of MAST, SMAST,
CAGE, and another instrument, the Reich test, to
GGT measurements in identifying known al-
coholics (Bemadt et al. 1982,1984;  Peterson et al.
1983). Bell and Steensland (1987)  compared the
use of GGT activity and Brief MAST and CAGE
results to predict estimated alcohol consumption
in patients admitted to a clinic for alcoholics.
GGT was not as sensitive as the questionnaires.
Bush et al. (1987) found that CAGE had much
greater sensitivity than MCV, GGT, and liver
transaminase values as a screening test for exces-
sive alcohol consumption with orthopedic and
medical inpatients and that using CAGE ques-
tions improved physicians’ rates of detection.
Morse (NIAAA 1987) reported that SAAST has
proved more sensitive than laboratory tests in
comparison studies conducted with alcoholic
inpatients.

Lumeng (1986) recommended the joint use
of GGT measurement and one or more self-
administered tests to enhance assessment objec-
tivity. To improve diagnostic value, Watson et al.
(1986) proposed using two brief personal history
instruments, CAGE and the five-item History of
Trauma (Skinner et al. 19841, in conjunction with
the most effective laboratory tests. Yates et al.
(1987) indicated that the combination of BAC
measurement and a questionnaire is more ac-
curate than BAC measurement alone in detecting
the majority of heavy drinkers in an accident and
emergency department. Their results support the
suggestion that many problem drinkers, who
may be dangerous drivers, go undetected when
BAC is the only screening tool (Dunbar et al.
1983).

A seven-item computerized biochemical and
hematologic profile devised by Beresford et al.
(1982)  correctly identified 79 percent of alcoholic
patients and 80 percent of nonalcoholic patients
among admissions to the medical service of a
county teaching hospital.

In general, biochemical tests currently are a
valuable tool for the use of hospital-based
physicians in detecting hidden alcohol use disor-
ders. Several questionnaires, however, have been
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shown to be more sensitive than biochemical
tests, and joint administration of self-report and
laboratory measures has been suggested.

Combination Instruments

Because each type of assessment method
has some limitations affecting sensitivity and
specificity, screening tests combining self-report,
clinical examination, and blood tests have been
designed. Multimodal assessment is consistent
with Skinnefs  (1985) multiaxial classification of
alcohol problems.

Skinner et al. (1986) demonstrated that certain
clinical findings can be used to complement
psychosocial or laboratory data to improve the
rate of detection of excessive drinking. They
used 108 clinical and laboratory tests to examine
131 outpatients with alcohol problems, 131 social
drinkers, and 52 family practice patients. Find-
ings from clinical examination were more valu-
able than laboratory data for diagnosing
excessive drinking. A set of 17 clinical signs and
13 medical history items that could discriminate
outpatients with alcohol problems from social
drinkers and family practice patients was formed
into the Alcohol Clinical Index (ACI). In practice
this instrument has been shown to outperform
laboratory data when used by experienced
clinicians in the alcohol research field, but its
value in the hands of hospital physicians remains
to be demonstrated. Skinner and Holt (1987)
recommended administering AC1 during clinical
examination and corroborating its results with
brief self-report questionnaires on alcohol con-
sumption and alcohol-related problems.

A new combination instrument for the early
detection of individuals whose alcohol consump-
tion is potentially harmful has been developed
and validated as part of a WHO collaborative
project (Saunders and Aasland 1987).  A multi-
axial assessment tool, the WHO Composite Diag-
nostic Instrument, was administered to groups of
alcoholic and nonalcoholic patients in six
countries. General subject information was ob-
tained, and questions were asked about medical
symptoms often associated with excessive drink-
ing (subjective complaints and history of trauma),
consumption level, drinking habits, social conse-
quences, and self-perception of alcohol problems.
Clinical signs that have been found to be impor-
tant in detecting alcohol problems (e.g., tremor of
the hands, lips, and tongue; physical appearance
of the skin, tongue, and mucous membranes;
presence of liver enlargement; and hypertension)

were assessed mainly with items from the instru-
ment developed by the French physician Le Go,
which was based on screening of more than
1 million French railway workers (Le Go 1976).
Laboratory tests included serum GGT, serum
AST, serum alanine  aminotransferase, serum
high-density lipoprotein-cholesterol, BAC, and
MCV.

The main screening instrument devised from
this study is a N-item questionnaire that at-
tempts to identify early-stage problem drinkers
(Babor et al. 1989). It is called the Alcohol Use Dis-
orders Identification Test (AUDIT). AUDIT is
simple, inexpensive, transportable, designed for
self-administration or administration by an inter-
viewer with minimal training, equally applicable
to screening large populations or to case detec-
tion in a clinical setting, and short enough to be
used in the lifestyle assessment procedures
devised by Skinner et al. (1985a,b). It is adaptable
for presentation by microcomputer, thereby per-
mitting a decision about intervention to be made
before the subject leaves.

Sites for Screening of Alcohol
Problems

Many settings in the health care system have
been proposed as appropriate for identifying al-
cohol use disorders early.

Primary Health Care Settings
The primary care physician, who is usually the

first care provider to see patients with medical
problems associated with excessive use of al-
cohol, is in a key position to make early diag-
noses (Lewis 1989). However, primary care
physicians frequently underdiagnose these
problems or underreport recognized problems. In
a study of general practitioners, Clement (1986)
found that alcohol-related problems often are
neither diagnosed nor attended to in primary
care settings. Brown et al. (1987)  used a computer-
simulated encounter with an alcoholic patient to
determine the diagnostic performance of primary
care physicians. Of the 95 physicians studied,
32 percent diagnosed alcoholism with maximum
certainty, 27 percent erroneously diagnosed other
psychiatric problems (usually anxiety or depres-
sion), and 41 percent said no psychosocial diag-
nosis was very likely.

Missed diagnosis may be related to three fac-
tors: (1) the coexistence of alcohol use disorders
and psychiatric disorders in the same individual,
(2) stereotypes regarding heavy drinkers and
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alcoholics, or (3) inexperience. (See chapters II
and XI for more information on psychiatric
comorbidi ty.)

First, coexistence of alcohol use disorders and
psychiatric disorders can complicate screening
and diagnosis. Such comorbidity is not uncom-
mon. The example of affective disorder is illustra-
tive. Finlayson et al. (1988) reviewed the medical
records of 216 patients between 65 and 83 years
old who had been hospitalized for alcoholism
(Mayo Clinic sample) and found affective disor-
der in 12 percent. Schuckit (1986) suggested that
alcoholism and major affective disorder are inde-
pendent diseases with some overlapping clinical
symptoms. Family history may help clarify the
nature of the relationship between alcoholism
and affective disorders (Zisook and Schuckit
1987).

Blankfield (1986) found that detoxification is
essential before transient and enduring psychi-
atric manifestations can be distinguished in
alcohol-dependent inpatients. She studied 50 con-
secutive patients admitted with grief, agora-
phobic, paranoid, and depressive symptoms
related to alcohol withdrawal. These symptoms
disappeared with detoxification, while other
symptoms constituting syndromes persisted.

The coexistence of dementia and alcohol use
poses special diagnostic problems in older
people. Dementia associated with alcohol disor-
ders needs to be distinguished from the dual dis-
order of senile dementia of the Alzheimer type
and coexisting alcohol use disorders (Atkinson
1988).

Finlayson et al. (1988) found that stressful life
events more frequently preceded admission for
patients with late-onset alcohol problems (at age
60 years or later) than for patients with early-
onset problems (before age 60). They emphasized
that physicians caring for older patients should
include questions about the occurrence of major
life events in their assessments of the possibility
of alcohol use disorders.

Substantial alcohol-related morbidity is “hid-
den“ among older Americans, partly because of
the inadequacy of current screening and diagnos-
tic methods for this population (Stinson et al.
1989). Graham (1986) suggested that (1) self-
reports of alcohol consumption may be particu-
larly inaccurate in this group because of memory
problems, difficulties in “mental averaging,” and
high levels of denial of unfavorable traits; (2) the
traditional cutoff scores used for defining heavy
consumption may be inappropriate in older
patients because of their increased sensitivity to

alcohol; (3) assessment scales that were validated
with younger populations may be unsuitable for
older people, who have different lifestyles and
different problems; and (4) symptoms often recog-
nized as signals of alcohol use disorders may be
attributed to dementia or other illnesses in older
people.

Second, erroneous stereotypes may prevent
physicians from recognizing alcohol problems in
their patients (Schuckit 1987). Coulehan et al.
(1987) suggested that clinicians may be inclined
to stereotype alcoholics and excessive users of
other drugs as persons who have the character-
istics considered diagnostic criteria for antisocial
personality disorder (e.g., inability to sustain con-
sistent employment, impulsivity, recklessness,
irritability, aggressiveness, failure to honor
financial obligations, and inability to maintain
enduring relationships or function as responsible
parents). Their study took place during an
l&month period in three academic primary care
settings-two family health centers and an inter-
nal medicine clinic. Among 294 adult patients,
primary care physicians identified 17 (40 percent)
of the 42 patients who were diagnosed by a struc-
tured psychiatric interview (Diagnostic Interview
Schedule) as suffering from excessive alcohol or
other drug use. Clinically identified patients were
more likely to be older and married, to use multi-
ple drugs, and to have antisocial personality dis-
orders, whereas patients who were not identified
clinically were more likely to have a coexisting
depressive disorder.

Third, medical residents may have problems
diagnosing alcohol use disorders in an outpatient
medical setting. Moore and Malitz (1986) com-
pared the responses of 95 patients to the CAGE
questionnaire with residents’ diagnoses of al-
coholism on the medical record. Residents diag-
nosed alcoholism in only ll(55 percent) of the
20 patients who had answered “yes” to three or
more CAGE questions and only 14 (45 percent) of
the 31 patients who had given two or more “yes”
answers. They diagnosed alcoholism correctly
only when aspartate transaminase and MCV
were elevated. (Aspartate transaminase is ele-
vated only when signs of physical damage or
dependence are present. MCV elevation is not
indicative of organ damage; this marker has good
sensitivity at low levels of consumption.)

Results of surveys indicate that medical stu-
dents and residents who were confident of their
ability to screen for alcoholism and make treat-
ment referrals were more likely to include screen-
ing and treatment in their clinical practice
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compared with peers with low confidence levels
(Stokes et al. 1989).

According to student ratings at one university,
teaching second-year medical students how to in-
terview patients for the presence of alcohol and
other substance abuse problems by using educa-
tional materials, simulated patient interviews,
and instructor feedback has been successful
(Spickard  et al. 1989).

A decisionmaking system for primary care
screening for heavy alcohol use and related disor-
ders is presented in figure 1 (NIAAA 1987). The
first step is to find out, in as unobtrusive a way as

possible, whether the patient drinks. Patients
who score below 2 on CAGE are asked about
their drinking quantity and frequency through
indirect, nonconfrontational questions.

General Hospifals
Diagnosis and referral of patients with alcohol

use disorders should be facilitated in a general
hospital for many reasons (Lewis and Gordon
1983).  Patients hospitalized for alcohol-related
conditions such as trauma and liver diseases may
have difficulty denying the role of drinking and
may be relatively receptive to offers of treatment.

Neutral lead-in question:
e.g., “Do you drink now and then?”

End

Determine quantity
and frequency of drinking I

Evaluation-
clinical and lab workup

End

Trauma history,
GGT, blood or
urine alcohol,
interview with

family member!

evaluation I

FIGURE 1. Decision tree for primary care alcohol screening.
aHigh  school consumption is defined as 60 to 60 g of absolute ethanol per day. (See Royal College of Psychiatry 1979 and
Sanchez-Craig and Israel 1966.)
bSignificant  trauma history would be indicated by a score of 2 or higher on the five-item trauma scale designed by Israel and coi-
leagues at the Addiction Research Foundation. The questions are asked in the following order: (1) Have you had any fractures or
dislocations since you were 18? (2) Have you been injured in a traffic accident? (3) Have you had your head injured? (4) Have you
been injured in an assault or fight? (5) Have you been injured after drinking?
SOURCE: Modified from NIAAA  1987.
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Family and friends of these patients can assist in
the diagnosis and encourage patients to seek
treatment. The formal and informal linkages be-
tween the hospital and other health and human
services can facilitate the referral process. Unfor-
tunately, most general hospital staff seem to be
unaware of their patients’ alcohol-related
problems, and diagnosis usually is not made
until severe medical problems such as liver cir-
rhosis or pancreatitis emerge. The findings of two
recent experimental investigations conducted in
general hospitals in Scotland (Chick et al. 1985)
and New Zealand (Elvy et al. 1988) demonstrate
that general hospital programs can increase the
proportion of patients with alcohol-related
problems who are identified earlier, provided
with intervention services, and referred to long-
term care in the community when necessary. (See
chapter X.)

Emergency Rooms
Alcohol plays a major role in trauma (Lowenfels

and Miller 1984; Goodman et al. 1986; Haberman
1987). Waller (1988) estimated that 20 to 25 per-
cent of all persons hospitalized with an injury
have an identifiable alcohol use disorder. The
high prevalence of injury among heavy drinkers
suggests that a history of trauma may be useful
in the early detection of alcohol use disorders
(Abrams 1986; Clark et al. 1985; Maul1  et al. 1986;
Skinner et al. 1984; NIAAA 1987).

Hospital emergency rooms, the point at which
most trauma cases enter a hospital, may be ap
propriate sites for the screening and early detec-
tion of alcohol problems. Cherpitel(1988)  studied
emergency room admissions to a municipal
general hospital and found that drinkers were
more likely than abstainers to be admitted for in-
juries. Roizen (1988) reviewed emergency room
studies and found alcohol use in 20 to 37 percent
of all trauma cases.

Little has been published on the screening of
emergency room patients for alcohol problems,
probably because alcohol consumption surveys
are too long to impose on a patient who has been
injured or suddenly taken ill (Yates et al. 1987).
Maul1 et al. (1984) even found that hospital entry
due to injuries may decrease the likelihood that
people with alcohol-related problems will be
identified and linked to treatment through other
channels. Patients who were admitted to a hospi-
tal for injuries received as a result of alcohol-
impaired driving were found unlikely to be
charged or convicted for driving while intoxi-
cated even though a law enforcement officer

strongly suspected alcohol involvement and posi-
tively assessed alcohol impairment.

There is strong support for routine blood al-
cohol testing as part of emergency room admis-
sions (Maul1 et al. 1986; Soderstrom and Cowley
1987; Zuska 1981). Maul1 et al. (1986) maintained
that physicians should assume alcohol involve-
ment in injury cases until it is disproved by BAC
measurement. Rockett and Putnam (1986) recom-
mended that hospital staff record alcohol informa-
tion routinely for trauma patients. Waller (1988)
emphasized the need to search rigorously for
signs of alcohol problems.

Despite the abundance of data linking alcohol
and trauma, routine testing for alcohol in injury
patients is uncommon (Maul1 et al. 1984; Simel
and Feussner 1988). Chang and Astrachan (1988)
found that hospital-based physicians tested only
one-quarter of 320 motor vehicle accident
patients in the emergency room of an urban
hospital and did not refer for alcohol problem as-
sessment or treatment any of the 47 patients who
were BAC positive at 200 milligrams per deciliter
or above. Soderstrom and Cowley (1987) sur-
veyed U.S. trauma centers and found that only
55.2 percent conducted routine BAC testing.

Recognizing the crisis of trauma as a special
opportunity for intervention, Gentile110  et al.
(1988) used a standard outpatient intervention
technique (Social Network Intervention) to in-
duce 17 inpatient alcoholic trauma patients at a
level 1 trauma center to enter an alcohol treat-
ment program. Patients were identified as al-
coholics with data from family interviews and
screening questionnaires. These authors em-
phasized that trauma surgeons are in a unique
position to diagnose alcohol use disorders be-
cause they routinely determine BACs as the
basis for assessing patients’ physical and neuro-
psychological status and for planning surgical in-
tervention. (See chapter X for a discussion of links
between the screening process and interventions.)

Summary
Classifications of alcohol use disorders have

evolved gradually; WHO and APA approaches
have played dominant roles.

At present, diagnostic criteria in the revised
version of the APA’s  DSM-III-R have been
adopted worldwide by researchers and clinicians,
and their inclusion in a future edition, DSM-IV,
is under consideration. WHO’s ICD-9, which
introduced the concept of alcohol dependence
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syndrome, is undergoing review, and ICD-10 is
being planned. Both DSM-III-R and the planned
ICD-10 define alcohol dependence similarly and
contain a category that allows classification of the
medical and psychological consequences that are
directly related to alcohol consumption and as-
sociated with a regular pattern of use. Both sys-
tems reflect a general evolution toward detailed
assessment of alcohol use disorders using multi-
ple diagnostic criteria.

Advances in assessment technology have led
to the development of procedures for screening
and diagnosis. Screening, an important prelimi-
nary step in the diagnosis of alcohol use disor-
ders, is accomplished with questionnaires and
interviews (often self-administered) for assess-
ing psychosocial indicators of alcohol problems,
and with laboratory tests and other biological
measures for detecting biochemical markers of
excessive drinking.

Key properties of screening instruments are
validity (i.e., they measure what they are in-
tended to measure), reliability (they measure con-
sistently across time and raters), sensitivity (they
accurately identify persons who have the target
condition), and specificity (they correctly classify
as negative those who do not have the condition).
Because the balance between sensitivity and
specificity is delicate, statistical techniques are
used to select cutoff scores to classify subjects as
positive or negative and to set the desired level of
sensitivity and specificity in a given test.

The validity and reliability of self-report proce-
dures (interviews, questionnaires, and computer-
assisted tests) is a concern to professionals in the
field. The computer-assisted assessment method
has considerable potential. Patients have indi-
cated preferring it over the self-administered
questionnaire and the interview, and responses
have been found to be reliable.

Researchers have had varying degrees of suc-
cess with biochemical markers, which can be
measured by laboratory tests. Some of these are
blood levels of certain enzymes found in the liver
and other organs, mean corpuscular volume (an
index of red blood cell size), uric acid, blood
lipids, and BAC.

A review of studies has shown that the MAST,
SMAST, CAGE, and Reich screening instruments
are clearly superior to biochemical markers in
identifying known alcoholics, who may be less
likely to misrepresent their drinking problems.
Although questionnaires are more sensitive than
biochemical tests in identifying these individuals,
biochemical tests remain valuable for the use of

hospital-based physicians in detecting hidden
alcohol use disorders.

Although primary care physicians are in a key
position to make early diagnoses of alcohol use
disorders, they often misdiagnose or underdiag-
nose because of stereotypes regarding alcohol
problems or inadequate training in this area.
The coexistence of alcohol use disorders and
psychiatric disorders (e.g., dementia in older
people) also can complicate diagnosis. Greater
emphasis on screening and treatment in medical
education and training of residents could con-
tribute significantly to early diagnosis and timely
treatment referral.
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Prevention

Introduction
Prevention efforts are aimed at reducing the

adverse effects of single bouts of drinking as well
as the social and medical problems that arise as a
result of persistent high-risk drinking by alcohol
abusers and alcohol-dependent persons. Preven-
tion activities are undertaken by legislators, law
enforcement officials, health professionals,
educators, business leaders, and concerned
citizens. In recent years, a public health approach
to prevention has emerged. A key element of this
approach is the recognition that reducing alcohol
use problems requires strategies that affect the en-
vironment as well as individual behavior. Efforts
aimed at the prevention of alcohol use problems
employ a variety of methods, including public in-
formation and education, changes in the social
contexts of drinking, and limitations on the
availability of alcoholic beverages (Holder and
Stoil1988).

Prevention research also employs the public
health model. In particular, the current emphasis
is on studies concerning the host (i.e., the in-
dividual drinker) and the environment (i.e., the
immediate drinking context). Two types of pre-
vention research are conducted. Basic prevention

research explores factors that influence the
risk of developing alcohol use problems. These
factors include individual characteristics that
may place one at risk (e.g., age, gender, and
family history), and factors within the environ-
ment that may affect risk (e.g., family interaction,
workplace factors, characteristics of drinking
establishments, and alcohol beverage prices).
Applied prevention research evaluates the
effectiveness of purposeful actions taken to
reduce problems related to alcohol use. Such ac-
tions include measures to modify the drinking en-
vironment (e.g., legislation establishing minimum
drinking age, laws regarding drinking and driv-
ing, and server training programs) and measures
designed to change individual behavior (e.g.,
educational programs). Ideally, the findings of
basic prevention research contribute to the
development and implementation of prevention
strategies.

This chapter summarizes basic prevention re-
search on the contribution of certain environmen-
tal factors to the development of alcohol use
problems and applied prevention research on the
impact and outcomes of a variety of prevention
initiatives. Research on individual characteristics
that influence the risk of developing alcohol use
problems is discussed in chapters II and III.
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Basic Prevention
Research

Research investigating the relationship be-
tween the price of alcoholic beverages and al-
cohol use problems such as motor vehicle crashes
is one of the most promising areas of prevention
research. The results of studies in this area sug-
gest that an increase in Federal taxes equalizing
the tax rate per ounce of alcohol indexed to infla-
tion may lead to significant reductions in heavy
drinking and in fatal crashes among youths.

A number of studies have also examined
advertising of alcoholic beverages and other
portrayals of alcohol in the media. Underlying
such studies is the concern that these portrayals
may contribute to alcohol use problems. Research
in this area, however, has thus far yielded no con-
clusive evidence about the role of the media in al-
cohol use problems.

Recent research related to the price of alcoholic
beverages and to alcohol portrayals in advertis-
ing and other media is reviewed in the following
section. Recent studies in other basic prevention
research areas also are highlighted.

Price of Alcohok  Beverages
Taxes imposed by Federal, State, and local

governments affect the price of alcoholic
beverages. Some evidence about the association
between price and alcohol consumption comes
from the results of natural experiments (e.g., com-
parisons of alcohol consumption in States with
differing taxes on alcohol). Other information
comes from econometric research, which uses
available data to make projections about the pos-
sible impact of price changes on consumption
and alcohol use problems through statistical
modeling. Results of such research suggest that
changes in price may affect both alcohol con-
sumption patterns and alcohol-involved
automobile crashes.

It is noted that stable Federal excise taxes com-
bined with modest increases in State and local
excise taxes have contributed to a decline in the
real price of alcoholic beverages (Coate and
Grossman 1987). The Federal tax on alcohol in
beer and wine has remained constant since 1951,
and the tax on alcohol in distilled spirits was in-
creased in 1985 after remaining unchanged for
nearly 35 years (Coate and Grossman 1987). Fur-
ther, the Federal excise tax on alcohol in beer, the
most popular beverage among youths who use

alcohol, is one-third the tax on alcohol in distilled
spirits (Coate  and Grossman 1987).  Between 1960
and 1980, the real price of beer fell by 27 percent;
the real price of wine, by 20 percent; and the real
price of spirits, by 48 percent (Cook 1981).

Econometric studies examined the effects
of price on alcohol consumption and alcohol-
involved automobile crashes. These studies used
the existing prices of alcoholic beverages in the
youths’ places of residence as a base and derived
estimates from available data on alcohol use
among 16- to 21-year-olds in the United States be-
tween 1975 and 1981 (Grossman et al. 1987; Coate
and Grossman 1988). Controlling for other vari-
ables that may be related to alcohol use and fatal
motor vehicle accidents, such as age, sex, and
family income, these studies have projected that
higher real prices for beer would reduce the in-
cidence of heavy drinking and frequent drinking
among young people, as well as the number of
young people who drink (Grossman et al. 1987;
Coate and Grossman 1988).

This finding was not limited to youths who
consume beer infrequently (less than once a
week) or less heavily (one or two cans per typical
drinking day); higher beer prices were also
projected to have a significant effect on young
people who drink frequently (l-7 times per
week) and heavily (three or more cans of beer on
a typical drinking day) (&ate and Grossman
1988). Using data from 1971-74, Grossman et al.
(1987)  estimated that even a small increase in the
price of beer (10 cents  per package of six 12-ounce
cans) would reduce the number of 16- to 21-year-
olds who drink by approximately 11 percent, the
number who drink two or three times per week
by 8 percent, and the number who consume three
to five cans of beer on a typical drinking day by
15 percent.

In terms of fatal automobile crashes, Saffer and
Grossman (1987a1,  combining Federal and State
excise tax rates, have estimated that a 100 percent
increase in the real beer tax (approximately $1.50
per 24-u& case of 12-ounce cans) would reduce
highway mortality among 15 to 17-year-old
drivers by about 18 percent; among 18- to 21-year-
old drivers, by about 27 percent; and among 21-
to 24-year-old drivers, by about 19 percent.
Phelps (1988),  using the data of Grossman et al.
(1987)  that combined autopsy data from national
highway safety studies with data concerning the
effects of price on specific drinking behaviors,
projected that a tax amounting to approximately
35 percent of the retail price of beer would halve
the number of alcohol-related fatalities among
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16 to 21-year-old  drivers. Phelps (1988) also es-
timated that a 50-percent  tax would eliminate ap-
proximately 75 percent of these deaths.

The association between alcohol prices and
youth fatalities in automobile crashes was further
investigated by Saffer and Grossman (1987bl;
when other variables were held constant, States
that had relatively high excise taxes on beer were
found to have lower death rates in crashes for 15-
to 24-year-olds. Saffer and Grossman (1987b)  ex-
amined available data on variables such as motor
vehicle death rates, real beer tax, and the number
of young licensed drivers found in different
States. They estimated that if tax had been in-
dexed to the rate of inflation during 1975 through
1981, there would have been a 15 percent reduc-
tion in crash fatalities among 18- to 20-year-olds.
These investigators also projected that by taxing
beer as heavily as distilled spirits are taxed, such
fatalities would have been decreased by 21 per-
cent, and that such fatalities would have been
reduced by 54 percent through a combination of
these policies.

Higher prices for alcohol were also found to be
related to lower rates of heavy drinking. Cook
(1981)  found that cirrhosis mortality, an indicator
of 10 to 20 years of heavy drinking by individ-
uals, was lower in 30 States that raised distilled
spirits taxes, compared to States that did not raise
taxes. Estimating from State-level mortality data
in the same 30 States covering 1962-1977, Cook
and Tauchen (1982)  and Cook (1982)  projected
that an increase of $1 in State distilled spirits tax
at that time would have reduced cirrhosis mor-
tality by nearly 2 percent in a State, and that
doubling the Federal distilled spirits tax would
have reduced cirrhosis mortality by 20 percent in
the Nation. These investigators also found that
relatively small increases in the price of distilled
spirits were associated with reduced death rates
from automobile crashes (Cook 1981; Cook and
Tauchen 1982).

Manning et al. (1989) recently estimated that
current excise taxes on alcohol cover only about
half the lifetime discounted costs that drinkers
impose on others through collectively financed
health insurance, pensions, disability, group life
insurance, fines, motor vehicle accidents, and
criminal justice costs. Specifically, they estimated
that these “external costs” total $0.48 per ounce of
alcohol consumed, approximately twice the cur-
rent average (State plus Federal) excise and sales
taxes on alcoholic beverages. These external costs
are dominated by costs associated with alcohol-
related traffic crashes.

Advertising and Other Media
Portrayals of Alcohol

A persisting area of interest is the effect of ad-
vertising and other media portrayals on alcohol
consumption and alcohol-related problems. Both
the frequency and the content of these portrayals
are of interest. An area of concern is that such
portrayals may compete with and counteract the
prevention messages transmitted in public educa-
tion campaigns.

Impact of Advertising on Alcohol
Consumption

Research has yet to document a strong relation-
ship between alcohol advertising and alcohol con-
sumption. In a recent review, Smart (1988)
concluded from the available evidence that (1) ad-
vertising bans have had little impact on alcohol
sales, (2) no consistent relationship exists be-
tween alcohol sales and restrictions or expendi-
tures on advertising, and (31 the best designed
experimental studies show no impact of advertis-
ing itself on alcohol consumption. Furthermore,
methodologically sound studies that have ex-
amined the relationship between young people’s
day-today exposure to advertising and their con-
sumption of alcohol have found the effect of ad-
vertising to be small compared to the impact of
other variables such as peer associations (Smart
1988). However, other reviewers have differed in
their conclusions. For example, a review by Atkin
(1987) concluded that advertisements may stimu-
late alcohol consumption of adults and adoles-
cents to at least a modest degree. Atkin  also
concluded that, although advertising appears to
have a more limited effect on excessive, hazard-
ous, and problematic drinking, it may be a sig-
nificant contributing factor in creating or
reinforcing these adverse alcohol use patterns.

Although single young males are more likely
to report frequent heavy drinking and drinking-
related problems (Hilton 19871,  and drivers under
the age of 21 have the highest rates of alcohol-
involved fatal traffic crashes (Douglass 19821,
little research has examined alcohol advertise-
ments targeted specifically at college students
(Breed et al. in press). Breed and his associates
have examined alcohol advertising in college
newspapers in 1977-78 (DeFoe  and Breed 1979)
and in 1984-85 (Breed et al. in press). Although
the average number of inches of national alcohol
advertising per college newspaper issue was
lower in 1984-85 than in 1977-78, during both
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periods the amount of space devoted to alcohol
advertising greatly exceeded advertising for
books and soft drinks. In the 1977-78 period,
34.6 column inches per issue were devoted to
alcohol advertising, compared to 1.4 for books
and 1.2 for soft drinks (DeFoe  and Breed 1979).
During 1984-85,23.8  inches were devoted to al-
cohol, 1.3 to books, and 0.5 to soft drinks (Breed
et al. in press).

At the time of the 1984-85 study, not all States
had raised their minimum drinking age for al-
coholic beverages to 21. However, extensive al-
cohol advertising was found even at colleges in
States where the minimum drinking age was 21.
There were no significant differences in total
column inches devoted to alcohol advertising be-
tween the States with a drinking age of 21 and
those with a lower minimum (Breed et al. in
press). Furthermore, in 1984-85, when space
devoted to national alcohol advertising was com-
pared with all national advertising a greater
proportion of national advertising was given to
alcohol advertising in schools with lower male en-
rollments. The investigators suggested that this
finding provides evidence that national alcohol
advertisements may be targeting schools with
greater female enrollment (Breed et al. in press).

Although a number of experimental studies
have examined the short-term effects of alcohol
advertisements (Ackoff and Emshoff  1975; Brown
1978; McCarty and Ewing 1983; Kohn et al. 1984;
Kohn and Smart 1984,1987), Smart (1988) noted
that none were ideal methodologically, some
used artificial and contrived experimental drink-
ing situations, and the attempts of most to mis-
lead subjects about the purpose of the research
may have affected study results. A laboratory
study by Kohn and Smart (1987) supports the lat-
ter possibility. Researchers found that the group
of women who saw nine wine commercials
during videotaped television programs drank
more wine than the group who saw three com-
mercials, and the consumption of women who
saw no commercials was midway between the
other two groups. Subjects’ responses to a debrief-
ing questionnaire assessing suspiciousness about
the study indicated that some subjects were suspi-
cious of study objectives, although their specific
suspicions were generally incorrect. The suspi-
cious women appeared to resist drinking in the
moderately persuasive condition (three commer-
cials); their responses therefore reduced the
average consumption of the total group of sub
jects  in that condition. However, the suspicious
women appeared to yield in the more intensive

condition (nine commercials). These results sug-
gest that personality factors such as suspicious-
ness and persuasibility should be taken into
account in designing and analyzing the results of
laboratory studies on the effects of advertising on
alcohol consumption (Smart 1988).

Holder (1988) discussed the difficulty of
demonstrating that alcohol advertising, by itself,
causes alcohol problems and noted that advertise
ments are part of a complex interaction of real-
world factors leading to alcohol-related problems
that is unlikely to be replicated in a laboratory
(Holder 1988). However, Smart (1988) suggested
that, with better designs and procedures, ex-
perimental studies are most likely to answer
questions about the effects of advertising.

Reviewers have also differed in their con-
clusions about available data: While Atkin  (1988,
cited in Atkin  1989) has interpreted study find-
ings in this area (Brown 1978; McCarty and
Ewing 1983; Kohn et al. 1984; Kohn and Smart
1984,1987;  Sobell  et al. 1986)  as suggesting
limited effects of advertising on consumption,
Smart (1988)  has noted that the best controlled
laboratory studies (e.g., Kohn and Smart 1984,
1987; Sobell  et al. 1986) showed no overall effect
of alcohol advertising on alcohol consumption.
Although there is disagreement about the poten-
tial utility of laboratory research in studying ad-
vertising effects as well as about interpretations
of available experimental data, it is clear that
further research is required to understand the
role that advertising may play in alcohol
consumption.

Alcohol on Television
Reducing the use and glamorization of alcohol

in the mass media or at least emphasizing the
realistic portrayal of the negative consequences of
consumption is believed to be a useful prevention
measure (Breed et al. 1984). It is assumed that fre
quent drinking scenes on television help to create
social expectations and norms that drinking is ex-
pected and appropriate in all situations, thereby
increasing both consumption and mistaken
beliefs about alcohol and its consequences.

Laboratory research directly studying the
relationship between portrayals of alcohol on
television and alcohol consumption has been
limited. The results of two studies suggest that
television may influence young children’s beliefs
about alcohol. Rychtarick et al. (1983) examined
this relationship indirectly in a laboratory study
demonstrating that children aged 8 to 11 who
viewed a popular television show with drinking
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Saw television Saw television Saw no
sa3nes scenes not television

depicting drinking depicting drinking (control)

m “Whiskey”

s ‘Water”

FIGURE 1. Percentage of children who chose “whiikey’  or
“water” as appropriate beverage to serve adults after viewing
televised scenes depicting and not depicting drinking.
SOURCE: Rychtarik et al. 1983. Copyright 1983 by Pergamon
Press.

scenes were more likely to name alcohol than
water as an appropriate beverage to serve adults
than were children who viewed the same show
with the drinking scenes deleted (see fig. 1). An
experimental study of fifth- and sixth-grade
children (Ketch  et al. 1986) found that boys abut
not girls) who saw a videotaped television show
including drinking scenes were significantly
more likely to indicate that the “good things”
about alcohol were more important than the ‘bad
things,” than were boys who saw the videotape
without drinking scenes. However, a laboratory
study by Sobell  et al. (1986)  found no effect of
televised drinking scenes or advertising on al-
cohol consumption by male college students
whose drinking involved using alcohol at least
once a month, with beer accounting for at least
20 percent of their total alcohol intake.

In content analyses of television programs ex-
tending back to the mid-1970s,  alcohol has been
found to be the most common drug used on U.S.
television, as well as the most frequently used
beverage (Wallack et al. 1987). Breed et al. (1984)
found that the number of acts of drinking occur-
ring in television programs rose from slightly
fewer than five per hour during the 1976-77
season to more than eight per hour in 1981-82.
Drinking acts included people actually consum-
ing alcohol or preparing to drink (ordering, pour-
ing, accepting, or holding a drink or having one

nearby). In the 1984-85 television season, an
average of 10.5 acts of drinking occurred per hour
(Wallack et al. 1987). Whereas alcohol accounts
for only 16 percent of total beverage use in the
“real world’ (U.S. liquid...1984,  cited by Wallack
et al. 1987),  alcohol accounted for 74 percent of
the beverages seen on television during the 1984-
85 season.

In the 1984-85 season, only about 1 percent of
the scenes in which alcohol appeared involved
heavy drinking and its consequences. Rather,
most were classified as “alcohol-incidental”
scenes that included sipping, bottles or glasses on
a wet bar, signs reading “cocktails,” or passing
references to alcohol. Furthermore, images of
people preparing to drink were shown three
times more frequently than people actually
drinking. According to Wallack et al. (1987),
these findings suggest that alcohol is treated
“almost as a neutral substance, almost as a prop”
on television.

Similar findings were also recently reported by
Hansen (19861, who analyzed the portrayal of al-
cohol during 2 weeks of prime-time television
programs in Great Britain during 1983. Visual
and verbal references to alcohol appeared in ap
proximately two-thirds of all programs, but ac-
tual consumption occurred on only one-third
of the programs in which alcohol appeared.
Three-quarters of the drinking characters were
portrayed as belonging to the middle or upper
middle class and only one-quarter as working
class. Although about 60 percent of the drinking
characters consumed alcohol in ordinary settings,
one-third were shown drinking in luxurious sur-
roundings, and only 5 percent in a poor or des-
titute environment.

Taken together, these content analyses of
television shows in the United States (Wallack et
al. 1987)  and Great Britain (Hansen 1986) provide
support for the assertion that alcohol is ubiqui-
tous and taken for granted on television and that
drinkers portrayed on television are frequently
glamorous (Wallack et al. 1987). However, al-
though these analyses document an unbalanced
portrayal of alcohol use on television, there is lit-
tle conclusive evidence that television’s portrayal
of alcohol affects viewers’ actual consumption of
alcoholic beverages.

Environmental Risk

An understanding of characteristics of environ-
ments that promote or reduce alcohol consump-
tion and alcohol use problems is relevant to the
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development of effective prevention measures to
modify environmental risk.

Family

The influence of the family environment has
been investigated in terms of factors that may
contribute to later alcohol problems. In particular,
the relative roles of genetics and environment in
the development of alcohol dependence have
been an area of considerable research interest (see
chapter III for a discussion of research on this
topic). Research has also related family variables
to the initiation of drinking by young people. Re-
search has found that most teenagers are intro-
duced to alcohol at home in the presence of their
parents (Davies and Stacey  1972; Maddox and
McCall 1964); both abstinence and drinking in
parents are frequently paralleled by abstinence or
drinking by their adolescent children (Harford
1984). In addition, family interaction has been
studied in families with an alcohol-dependent
member (see chapter VII for a discussion of these
family interaction studies). The findings of a
recent study that observed couples with an
alcohol-dependent member (Leonard and Jacob
1988) suggested that the occurrence of negative
behavior during a specific drinking session is as-
sociated with the dependent drinkers’ general
drinking patterns (that is, whether they are
episodic or steady drinkers). The dynamics of
drinking in a family were also examined in a
recent study by Corbett et al. (in press) investigat-
ing drinking patterns and drinking-related
problems of Mexican-American husbands and
wives. Drinking patterns, problems, and expec-
tancies were found to differ between husbands
and wives, but spouses’ drinking levels were
correlated; that is, husbands who were heavy
drinkers tended to have drinking rather than
abstaining wives (Corbett et al. in press).

Workplace

Although intervention programs have been es-
tablished in many companies to assist individuals
who have begun to develop alcohol use problems
(see chapter X for a discussion of employee assis-
tance programs), little research has been con-
ducted to assess the role of the work environment
itself in promoting or reducing alcohol-related
problems. In a recent review of the history and
effects of drinking policies in the American
workplace, Ames 0989)  noted that employee as-
sistance programs, rather than enforcement of
company rules and regulations about alcohol use

during working hours, are the dominant alcohol
policy. Ames and Janes (1987)  investigated a
heavydrinking subculture in a blue-collar work
environment. Although workplace characteristics
such as the importance of drinking in work-
related social contexts and the permissiveness
of the work environment played a major role in
promoting heavy alcohol consumption, the social
and cultural backgrounds of workers also were
determining factors (Ames and Janes 1987). Based
on study findings, the authors made recommen-
dations for environmental changes that ad-
dressed both worksite  factors and worker
characteristics related to heavy alcohol consump
tion. Recommendations included providing free
hot lunches inside the plant to inhibit lunch hour
and parking lot drinking and organizing groups
to promote leisure activities appropriate to
workers’ interests and economic abilities.

Drinking Establishments
Although research indicates that a majority of

people who are arrested for driving while intoxi-
cated (DWI)  are coming from licensed drinking
establishments, particularly bars (O’Donnell
19851, the contribution of characteristics of drink-
ing sites to alcohol use problems is not well docu-
mented or understood (Holder 19881. A recent
review of available research (Single 1987) sug-
gests that the consumption rate of drinking con-
federates affects individual rates of consumption
and that factors such as the floor plan of bars and
the size of drinking groups influence the duration
of stay and, consequently, the amount of alcohol
consumed.

Individual Risk Characteristics

Knowledge and understanding of alcohol
epidemiology are relevant to developing success-
ful prevention measures. Epidemiological re-
search has examined a variety of individual
characteristics-including age, gender, and race
and ethnicity-that are related to alcohol con-
sumption and risk for alcohol problems. For
example, both alcohol abuse and alcohol depend-
ence are more likely to occur among men than
among women; young single men are more
likely to be frequent heavy drinkers and to report
alcohol dependence and alcohol-related problems
(Hilton 1987). Black men and white men have
similar drinking patterns overall, although black
men had somewhat higher abstention rates than
whites (29 percent versus 23 percent1 and white
men were somewhat more likely to be heavier
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drinkers (Caetano 1989; Herd 1988b,  1989). How-
ever, black men appear to experience some types
of alcohol-related problems at lower levels of
consumption (Herd 1988a).  Hispanic men
(Caetano 1986) and American Indians also have
high levels of alcohol use problems; however,
the degree of problems varies among different
subpopulations of these groups. (See chapter II
for further discussion of this and other research
on individual risk characteristics.)

Research also has examined early behavioral
characteristics of children that predict use of al-
cohol and other drugs in adolescence. Kellam and
his associates (1983) found that shyness among
first-grade boys (but not girls) was associated
with less alcohol and other drug use when these
children reached age 16 or 17, whereas aggressive-
ness in first grade was associated with increased
alcohol and other drug use by boys (but not by
girls).

Also relevant to the topic of individual risk is
the topic of fetal alcohol syndrome (FAS).  Under-
standing of the characteristics of women at risk
for bearing a child with FAS is essential to plan-
ning programs to prevent this problem. (See chap
ter VI.)

Individual-Environment Interaction
The interaction of the individual and the en-

vironment is also a concern of basic research re-
lated to prevention. Relevant topics include the
involvement of alcohol in accidents and trauma,
the role of alcohol in crime and violence, and
adolescent risk factors.

Accidents and Truuma
Research to measure and understand alcohol’s

role in accidents and trauma is essential for plan-
ning prevention programs and providing a
baseline for evaluation. The role of alcohol in
motor vehicle crashes has been studied exten-
sively. Research findings indicating the over-
representation of young people in alcohol-related
crashes and incmases in such crashes that occurmd
after the legal minimum drinking age for alcoholic
beverages was lowered in the early 1970s
(Vingilis  and DeGenova  1984) led to Federal
incentives for the States to increase the minimum
drinking age. Alcohol’s role in other types of acci-
dents has been researched less extensively, but al-
cohol has been implicated in fires and burns and
fails (Howland  and Hingson  1988). Research also
has suggested that the severity of trauma is in-
creased for intoxicated victims Wizen 1988) (see

chapter VII for further discussion of the role of al-
cohol in accidents and trauma).

Crime and’ Violence
The role of alcohol in crime and violence, in-

cluding family violence, continues to be an area
of concern and basic prevention research.
Methodological problems are pervasive in these
research areas, and few data from methodologi-
cally sound studies are available to allow firm
conclusions about alcohol’s role or to assist in the
development of effective prevention programs.
(See chapter VII.) Laboratory research on alcohol
and aggression in humans and animals allows
the controlled study of relevant behaviors and
should further the understanding and the
development of strategies to prevent violent
alcohol-related behavior. (See chapter IV.>

Adolescent Environmental
Risk Factors

The role of peers is an important environmen-
tal risk factor related to adolescent drinking. Re-
search (Lessor et al. 1972) has found that
perceived peer support for drinking was the most
important variable accounting for the initiation of
drinking by previously abstaining high school
students. Gibe  and his associates (1989)  also
found that perceived peer drinking was the
primary predictor of current alcohol use by
adolescents in Ireland. Recent prevention efforts,
discussed elsewhere in this chapter, that have
targeted young people have emphasized the role
of peers in alcohol and other drug use.

Problem behaviors such as use of alcohol and
other drugs, smoking, delinquency, and preco-
cious sexual intercourse have often been found to
occur together in the same adolescent in research
conducted in the United States fJessor  and Jessor
1977; Donovan and Jessor 1985; Donovan et al.
1988). Unconventionality in both social environ-
ment and personality has been postulated to be
the underlying cause of this syndrome of prob-
lem behavior fJessor  and Jessor 1977).  Research
recently reported by Gibe  et al. (1989)  indicated
that smoking and involvement with other prob-
lem behaviors were also associated with current
drinking among adolescents in Ireland. A need to
develop prevention and early intervention efforts
designed to address the factors underlying such
clusters of risky behaviors has been noted
(Douglass 1982; Bradstock et al. 1987; Gibe
et al. 1989). Chapter X discusses these behaviors
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as they relate to drinking and driving among
adolescents.

Applied Prevention
Research

Applied research in prevention has evaluated
the impact of measures taken to modify the en-
vironment and approaches designed to change in-
dividual behaviors.

Measures to Change the Environment

Much of the research on environmental
strategies has examined policy measures related
to alcohol, such as legislation on the minimum
drinking age and laws concerning drinking and
driving. Other environmental measures studied
include changes in the actual context of drinking
such as those brought about by server training,
transportation alternatives for drinking drivers,
and modifications in the design of vehicles and
roadways to prevent alcohol-related crashes.

Minimum Drinking Age
. In the early 197Os,  many States reduced the

legal minimum drinking age for alcoholic
beverages, usually from 21 to 18. This reduction
was followed by increases in alcohol consump-
tion and alcohol-related accidents among drivers
aged 18 to 20 (Vingilis and DeGenova 1984). Most
of these States increased the legal drinking age by
early 1984, although not all of them increased it
to 21 (Bonnie 1985). Because increasing the legal
drinking age to 21 was viewed as a prevention
strategy, incentive to achieve a standard mini-
mum drinking age of 21 was provided in July
1984 by legislation cutting off Federal highway
funds from States that did not comply by certain
dates. Any funds withheld were to be returned to
a State when it enforced this minimum drinking
age. All States and the District of Columbia had
complied with the legislation by 1988.

Impact on Traffic Crashes. Data from the Fatal
Accident Reporting System (FARS) of the Na-
tional Highway Traffic Safety Administration
(NHTSA) demonstrate that the greatest reduction
in fatal traffic accidents involving drunk drivers
from 1982 to 1986 was among drivers aged 16 to
20 in States that increased their minimum drink-
ing age to 21 (NHTSA  1988a). This group showed
a 30-percent  reduction in fatal crashes involving
intoxicated drivers during this period (see table 1).

The US. General Accounting Office (GAO)
recently synthesized the results of 14 studies that
were selected on the basis of quality of data,
design, and methodology from among 49 studies
that evaluated the effects of laws raising the legal
drinking age (GAO 1987). The GAO study found
that although the individual evaluations differed
in study location, design, analysis method, and
outcome measure, the direction and often the size
of effects attributable to an increase in drinking
age were generally similar. Reductions were
found in traffic crashes among the age group
directly affected by the increase in minimum
drinking age in almost every State that was
evaluated (GAO 1987). However, the GAO report
also indicated that little evidence is available to
suggest that an increase in minimum drinking
age affects the involvement of 16 and 17-year-old
drivers in alcohol-related accidents as it does for
drivers 18-20 years old.

Most studies examming  the impact of minimum-
drinking-age legislation on traffic accidents
are based on the premise that the combination of
age, driving, and alcohol is responsible for the in-
creased risk among young drivers for alcohol-
related crashes (Asch and Levy 1987). However,
it has also been suggested that inexperience in
drinking may create a traffic fatality hazard inde-
pendent of age (Males 1986; Asch and Levy 1987).
Based on a cross-sectional analysis of traffic
fatalities in the 50 States during 1978, Asch and
Levy (1987) found no relationship between the
legal drinking age (which at that time ranged
from 18 to 21) and fatality rates. However, they
found that youths in the first year of drinking
experience had a lO- to 20-percent  greater risk
for fatalities in general, and for single-vehicle
fatalities in particular (As& and Levy 1987).

If experience in drinking independent of age is
associated with risk for traffic fatalities, increas-
ing the minimum legal drinking age may serve
mainly to shift the age distribution of traffic
fatalities (Asch and Levy 1987). Thus an increase
in the legal drinking age may be followed at first
by a reduction in fatalities in the age group di-
rectly affected by the change, but this reduction
would eventually be offset by an increase in
fatalities as this group reaches the legal drinking
age (Asch and Levy 1987).

There is recent evidence that changes in the
legal drinking age have had a long-term impact
on fatalities. DuMouchel  et al. (1987) found an
average 13 percent decrease in fatal nighttime
accidents involving 18- and 19-year-old  drivers
in a study of 26 States that raised the minimum
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TABLE 1. Reduction in drivers with BACs of 0.10 percent or higher for groups of States with
various minimum legal drinking ages, by age group, 1982 versus 1986

Percent
Age group Drinking age 1982 1986 Reduction

16to20 Always 21 a 30.6 23.8 22
Never 21 b 33.2 26.9 19
Changed to 21’ 29.8 21.0 30

21 to44 Always 21 40.3 36.9 8
Never 21 43.9 40.3 8
Changed to 21 36.3 32.1 12

45 and over Always 21 28.1 24.0 15
Never 21 30.4 27.0 11
Changed to 21 24.6 22.0 11

4rkansas,  California, Illinois, Indiana, Kentucky, Michigan, Missouri, Minnesota, Nevada, North Dakota, Oregon, Pennsylvania,
Utah, Washington, Wyoming.
bColorado,  District of Columbia, Hawaii, Idaho, Iowa, Louisiana, Minnesota, Montana, North Carolina, Ohio, South Carolina, South
Dakota, Texas, Vermont, West Virginia, Wisconsin.
‘Alabama, Alaska, Arkansas, Connecticut, Delaware, Florida,  Georgia, Kansas, Maine, Maryland, Massachusetts, Mississippi,
Nebraska. New Hamcshire. New Jersev. New York. Oklahoma. Riode Island, Tennessee, Virginia.
SOURCE; NHTSA  1&3&i.  ’

-.

drinking age between 1975 and 1984. Followups 1
and 3 years after drinking-age changes went into
effect found that the decreased rate was main-
tained. A 16percent  decrease in injury-producing
single-vehicle nighttime crashes among young
drivers also was maintained in a 6-year  followup
study of fatalities in Michigan after an increase in
the minimum drinking age (Wagenaar 1986).

Xmpact on Alcohol Consumption. The primary
intent of increasing the minimum drinking age
is to reduce adolescents’ access to alcohol and
thereby to reduce drinking and its harmful conse
quences  in this age group (Williams 1986). GAO’s
review concluded that among those affected by
the change, available evidence “supports the
claim that raising the purchase age reduces both
the consumption of alcohol and the incidence of
driving after drinking” (GAO 1987, p. 3) but
noted that the results of reviewed studies cannot
be generalized to specific States or jurisdictions,
because most of the available data pertains to
New York State and the research is sparse. Avail-
able evidence on alcohol consumption and drink-
ing and driving among 16 and 17-year-olds  is
insufficient to determine the effects of legislation
on those youths younger than the minimum
drinking age since study results are mixed (GAO
1987).

Although changes in the laws regulating mini-
mum drinking age may have had some effect on
consumption, they have not eliminated access to
alcohol nor deterred many adolescents from

drinking (Donovan in press). During the period
in which the laws were changed, there was a
decline in the proportion of university students
who drank, but the proportion of students who
were heavy drinkers (those who consumed six or
more drinks at any one sitting more than once a
week) remained constant (Engs and Hanson
1988). Mayhew et al. (1986) noted that it will be
important to determine how changes in these
laws affect both the quantity and the frequency of
consumption by young people; if these two
aspects of drinking behavior are affected dif-
ferently by changes in the legal minimum drink-
ing age, the implications for driving after
drinking would also be different.

Other Changes in Availabilify
Laws and regulations determining the number

and types of outlets that may sell alcoholic
beverages and the hours during which alcohol
may be sold also influence alcohol consumption
and related problems. A study using county-level
data from Ontario, Canada, found a positive as-
sociation between retail availability of alcohol,
alcohol consumption, and alcohol-related
morbidity and mortality (Rush et al. 1986). Recent
research results suggest that communities use cer-
tain local ordinances restricting availability to
prevent problems related to alcohol. Other re-
search findings have documented types of
changes in the regulation of alcohol sales
that may increase such problems.
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A natural experiment (Blase  and Holder
1987a,b;  Holder and Blose 1987) examining the ef-
fects of changes in availability of distilled spirits
was made possible by the implementation of
laws in North Carolina in 1978 that permitted the
sale of liquor by the drink at licensed clubs and
restaurants; previously patrons could bring dis-
tilled spirits to these establishments and purchase
ice and “setups.” Comparisons of North Carolina
counties where sale of liquor by the drink was
legal but had not been implemented indicated
that availability of liquor by the drink resulted in
a 250-percent  increase in the number of estab-
lishments where liquor could be purchased
(Blose and Holder 1987b).  Increases in distilled
spirits sales ranged from 6 percent to 7.4 percent
in the counties implementing liquor by the drink
(Holder and Blose 19871,  and increases in alcohol-
related traffic accidents in these counties ranged
from 16 percent to 24 percent (Blose and Holder
1987a).

Wittman and Hilton (1987) examined the use
of planning and zoning ordinances to regulate al-
cohol outlets in California cities. Cities can issue
or deny conditional use permits after a review
process to determine if the proposed land use
could do harm. Conditional use permits can
specify restrictions on hours, decor, or serving
practices in businesses planning to serve alcohol
(W&man 1986). The study found that about two-
thirds of California cities that issue conditional
use permits used them in local zoning activities
to regulate at least one type of alcohol outlet (bar,
restaurant, liquor store, grocery store, or con-
venience store). About half of these cities re-
quired conditional use permits for all outlets
selling alcoholic beverages for onsite  consump
tion as well as for at least one type of outlet
selling for offsite  consumption; the remainder
required permits for varying types of onsite  estab-
lishments. Cities that used permits for both on-
site and offsite  establishments perceived more
problems connected with alcohol outlets than
cities that applied permits only to onsite  estab-
lishments. The authors interpreted these findings
as suggesting that cities are willing to use local or-
dinances to prevent alcohol problems and that
they do so in a selected and graduated manner,
depending on the perceived severity of outlet-
associated problems (Wittman and Hilton 1987).

A current debate in several States concerns
whether gasoline stations and convenience stores
that sell gasoline should be allowed to sell al-
coholic beverages (Wagenaar  and Farrell 1989).
For example, the emergence of a new type of

retail sales outlet for beer and wine-the gas sta-
tion minimart-has been an issue in California
(Ryan and Segars 1987). The controversy centers
on concern raised by public officials, law enforce-
ment officers, and planners that the increase in
outlets like minimarts not only increases the
availability of alcohol but may also increase rates
of drinking and driving and may link motor
vehicle products to alcoholic beverages. Further-
more, there was also concern that, because mini-
mart employees are often young people, higher
rates of illegal sales of alcoholic beverages to
underage persons may occur.

A study conducted in Orange County, Califor-
nia, found that 85 percent of persons who pur-
chased alcoholic beverages and gasoline at the
same outlet consumed the beverage in their cars
(California Council on Alcohol Problems 1986,
cited by Ryan and Segars 1987). Research in San
Diego County (Ryan and Segars 1987) found that
alcoholic beverages purchased in liquor stores,
convenience stores, and gas station minimarts
were equally likely to be consumed in a car. Al-
coholic beverages purchased in supermarkets
were less likely to be consumed in a car, pre-
sumably  because such purchases are planned
for at-home consumption or storage (Ryan and
Segars 1987). However, although gas station mini-
marts represented 6 percent of the total alcohol
outlets in San Diego County, they were respon-
sible for 15 percent of reported purchases of al-
coholic beverages and 17 percent of reported
occurrences of drinking in a car (see table 2).

Recent research has also examined the relation-
ship between traffic crashes and an increase in
the number of outlets selling alcoholic beverages
for onsite  consumption. Smith (1987) examined
the consequences of introducing Sunday sales of
alcohol in hotels in New South Wales, Australia;
before the introduction of sales at hotels, alcohol
had been available on Sundays only at clubs. In
the 2 years after the introduction of Sunday sales
by hotels, there were 20 percent more fatal
crashes between noon and midnight than in
the 2 previous years (Smith 1987).

Research conducted in Australia also found
that the days of the week and the hours of the
day when alcoholic beverages are available for
purchase may influence the timing of traffic
crashes. In Tasmania, Smith (1988) studied the
effect of introducing flexible trading hours that
allowed hotels to determine the number and
schedule of hours that they would remain open.
Although the total hours that hotels stayed open
daily remained approximately the same in the
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TABLE 2. Consumption of alcoholic beverages in cars by type of sales outlet, San Diego
County, 1985

Percent  of Percent of
Estimated number Percent of total reported occurrences of

Type of outlet of outlets” outlets purchases drinking In car

Liquor store 432 25 42 43
Convenience store 812 47 28 28
Supermarket 379 22 17 12
Gas statiin minimatt 104 8 15 17

Total 1,727 100 100 100
_ . ._ . . . _ _._.. _..hBased on percentage from city sample used on Known county total outlets. survey results ~nouzate  3 percent or tom ouuets  were

minimarts as of June 1984. For estimation purposes, total percentage for minimarts was doubled to 6 percent in recognition of in-
creases in such  outlets. Convenience stores were reduced by 3 oercent.
SOURCE: Ryan and Segars 1987.

year after the introduction of flexible trading
hours, the hotels closed later, presumably be-
cause of increased patronage at later hours. The
number of accidents between 10 p.m. and 6 a.m.
increased by 10 percent compared to the preced-
ing 5 years.

A review of relevant research on drivers who
were arrested for DWI or found impaired during
roadside surveys suggested that approximately
half of drinking drivers are coming from onsi te-
consumption establishments, particularly bars, al-
though only about a quarter of all alcohol is sold
at such establishments (O’Donnell 1985). Price in-
centives such as happy hours promoted by drink-
ing establishments may be viewed as one element
of alcohol availability (Holder 1988). However, re-
search findings related to this possibility are in-
conclusive. An observational study conducted
before and after a ban on happy hours found no
significant change in alcohol consumption or
sales to patrons of five bars in metropolitan
Toronto during a 4-week period after the ban was
initiated (Smart and Adlaf 1986). In contrast, in
an earlier experimental study of price promotion
conducted in a controlled setting, Babor et al.
(1978)  found that, during periods of reduced
prices, both moderate- and heavy-drinking sub-
jects <single men who were students or tempo-
rarily unemployed) increased their consumption
of alcohol; the increase was not accompanied by
decreases in consumption at other times of the
day. Babor and his associates (1980)  also found
that happy hour promotions increased consump-
tion among a selected group of patrons of a bar in
the Boston area (the individuals were selected be-
cause they had been observed to be regular
patrons). Further research will be required to

determine if the impact of happy hours varies ac-
cording to drinker characteristics as suggested by
this group of studies.

Drinking-and-Driving Laws
A primary objective of drinking-anddriving

laws is general deterrence. This model of preven-
tion is based on the assumption that the threat of
sanctions such as fines, imprisonment, or license
revocation will prevent individuals from engag-
ing in a specific behavior (Donovan in press).

Ross (1985) reviewed evaluations of a variety
of deterrence programs, including enforcement
crackdowns, sobriety checkpoints, mandatory
jail, complex “tough” laws that emphasize in-
creased severity of punishment as well as in-
creased certainty of punishment, and swift
punishment through administrative license
suspension. He concluded that deterrent
strategies that increased perceived certainty of
punishment had short-term effectiveness, but
strategies that increased severity or swiftness of
punishment had not been found to be effective.
Furthermore, severe punishment produced un-
expected and unwanted perturbations in the
criminal justice system, including delay, post-
ponement, and even avoidance of punishment
(Ross 1985).

However, there is accumulating evidence that
problems in enforcing deterrence measures as
well as in the scope and duration of such efforts
may have influenced the outcomes of some deter-
rence programs. For example, research findings
have suggested that the perceptions, attitudes,
and priorities of police officers and adminis-
trators may affect the success of a deterrence
strategy. In a survey of administrators and
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uniformed officers in the Province of Ontario,
Vingilis et al. (1986) found that the estimated
number of arrests per officer for impaired driving
was 10 per year. Yet, an evening roadside survey
(Interministerial Committee on Drinking Driving
1980, cited in Vingilis et al. 1986) indicated that
6.6 percent of the drivers stopped were impaired.
Insufficient personnel and problems such as slow
court processing, inadequate sentencing and
lenient attitudes of judges and prosecutors were
among the problems that uniformed officers and
administrators reported as most important in
limiting their enforcement of drinking-and-
driving laws. The results of this survey were
similar to findings reported in earlier surveys
conducted in New Zealand (Hurst 1980)  and to
findings in a survey of Alcohol Safety Action
Project officers (Young and Co. 19741.

In the Ontario survey (Vingilis et al. 19861,
59 percent of the officers believed that the
public’s attitude toward drinking and driving
was characterized by apathy and lack of support
for enforcement: The public was unconcerned,
unaware of the seriousness of the problem,
sympathetic with drivers who get caught, and
convinced that police had more important things
to do. Both uniformed police and administrators
gave drinking-and-driving enforcement a mid-
range priority when ranking the amount of police
time that should be accorded to various offenses.
Vingilis et al. (1986) suggested that such percep
tions reduce the motivation of law enforcement
officers to arrest alcohol-impaired drivers.

Problems in enforcement were also reported in
a study of the impact of administrative license
revocation (Ross 1987a).  Under administrative
license revocation, which has been enacted in a
number of States, the offender’s driver’s license
is taken by the arresting police officer if the
offender’s blood alcohol concentration (BAC) is
0.10 percent or more or if the offender refuses a
BAC test (Waller 1985). The driver receives a tem-
porary permit to drive for a few days and may re-
quest judicial review after the license revocation
has gone into effect. The prediction of a deterrent
effect for license revocation is related to “theo-
retical and common sense expectations for this
countermeasure, which can be viewed as likely
to increase the certainty as well as swiftness of
punishment” (Ross 1985, p. 126).

Ross (1987a) reported promising results in
an evaluation of an administrative license
revocation program in New Mexico. A reduction
of approximately 10 percent in the proportion
of crash-related fatalities involving alcohol-

impaired drivers or pedestrians was maintained
for 20 months after the law was passed. Ross
noted that the program’s success was achieved
despite police and judicial resistance to the law
that apparently reduced the actual risk of punish-
ment for drunk drivers (e.g., the average number
of DWI arrests declined by 18 percent in one New
Mexico city and 54 percent in another). Further,
although the program increased actual swiftness
of punishment, lagging media interest limited
communication of this fact, and there also was
evidence that the public frequently ignored or
misunderstood the law.

Similar findings were reported by Vingilis et
al. (19881, who examined the deterrent impact of
Ontario’s 12-hour  license suspension law and the
process by which the law was enforced. This law
gives the Ontario police the authority to conduct
random spot checks to detect drinking drivers
and to suspend for 12 hours the licenses of
drivers showing a BAC of 0.05 percent or more
on a roadside screening device or evident&y
breath tester. Because the law allowed immediate
punishment for drinking and driving without a
time-consuming arrest process, police resistance
to implementing the law was expected to be
reduced, and it was hypothesized that more
drinking drivers would be stopped by police.

An evaluation of the law’s deterrent impact
suggested that the law may have had a relatively
limited short-term effect on the proportion of
alcohol-related fatalities. However, a process
evaluation indicated that there was no organized
media campaign about the law, that media
coverage of the new law was sporadic and short-
lived, that the public’s awareness of the law was
generally limited, and that specific knowledge
was low. Further, 6 months after enactment,
41 percent of the police forces surveyed reported
that they did not own the screening devices neces-
sary to enforce the law. The authors suggested
that the limited impact of the new law was likely
to have been due to lack of publicity and enforce-
ment (Vingilis et al. 19881.

The relatively short-term effects of deterrence
programs implemented in France and the United
Kingdom also seem to be related to the manner in
which the deterrent approach was implemented.
In a program demonstrating a short-term effect in
the United Kingdom (Ross 1973,1984), police of-
ficers could test the breath of any driver involved
in an accident or traffic law violation. About half
of the tests administered yielded BACs of 0.08
percent and above. Because  other research has
indicated that random tests of drivers would be
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expected to find BACs  of 0.08 percent or higher in
less than 1 percent of all drivers (Borkenstein et
al. 1964, cited by Ross 19731, these findings sug-
gest that police may have been selective in
choosing individuals for testing and, for example,
testing only when there were overt signs of in-
toxication (Ross 1973). In a French program also
having a short-term impact (Ross 19841, police
were to test the breath of all drivers who passed
through roadside checkpoints. Only about 0.4 per-
cent of the tests were recorded as positive during
a 6-month  period, less than one-fourth of the per-
centage of positive tests recorded in an inde-
pendent roadside survey conducted in France
during the same period. This result has been at-
tributed to “official diffidence in enforcing the
legislation” (Ross 1984).

The results of these studies are consistent in
documenting inadequacies in the enforcement
of deterrence programs. In light of the problems
in the enforcement of these programs, short-
term but positive effects of deterrent measures
can be viewed as promising findings that call
for improved implementation of deterrent

interventions and further rewarch  into their long-
term impact.

The results of a random breath-testing pro-
gram recently investigated in Australia (Home1
1986) suggest that the nature of enforcement ef-
forts can influence the duration of their effects.
The long-term impact of this program compared
to the programs in the United Kingdom and
France was attributed to a substantial expendi-
ture to publicize the program and to the sheer
scope of the law enforcement effort, which,
during its first year, resulted in testing approx-
imately one of every three licensed drivers in
New South Wales (Home1  1986). For 32 months
after the program was implemented, monthly
fatalities were reduced an average of 23 percent
compared to the previous 6 years (see fig. 2).

The timing and duration of enforcement may
also have some influence on the effectiveness of
police “blitzes,” i.e., efforts by local jurisdictions
to increase the probability that alcohol-impaired
driving will be detected and cited (National Re-
search Council 1987). Although early research on
these efforts generally yielded a transient effect

New South  Wales
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Point of intervention of random
breath testing in New South Wales

FIGURE 2. Monthly fatal crashes in New South Wales, January 1971 to July 1985.
SOURCE: Homel  1986.
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similar to other deterrent efforts, the blitzes
studied were short (National Research Council
19871. More extended efforts were recently inves-
tigated in Stockton, California (voas and Hause
19871,  and Charlottesville, Virginia (Voas  et al.
1985, cited by National Research Council 1987).
In Stockton, a 3-month  blitz was conducted from
October through December each year for 3 years.
The blitzes tripled arrests on Friday and Saturday
nights and were accompanied by a 43percent
reduction in drivers with a BAC of 0.10 percent or
more, a E-percent reduction in all traffic acci-
dents on weekend nights, and a IO-percent reduc-
tion in weeknight accidents. In Charlottesville,
during a checkpoint set up from 11:30  p.m. to
4 a.m. nearly every Friday and Saturday night for
1 year, officers inspected drivers’ licenses and
looked for signs of intoxication during brief inter-
views. Although a 12-percent reduction in
nighttime accidents and a 15-percent reduction in
all police-reported, alcohol-related accidents oc-
curred during the year, the results were not
found to be statistically significant after statewide
trends and seasonal variations were considered.

The differences in scheduling of blitzes in
Stockton and Charlottesville may have influenced
the relative success of the intervention in the two
cities. Further research will be required to deter-
mine if periodic repetition of police blitzes is
more effective in reducing accidents than con-
tinuous application of this deterrent measure
over a long period of time.

It should also be noted that, although evalua-
tions of deterrence programs in individual States
have varied in their conclusions about the effec-
tiveness of these programs, the results of a recent
national study of the effects of laws against
alcohol-impaired driving which combined State
data indicated that “per se” laws that define DWI
using BAC thresholds, administrative suspension
or revocation laws, and laws that mandate jail or
community service for DWI first offenders each
played a role in the decline in fatal alcohol-
related crashes in the early 1980s (Zador et al.
1988). Administrative license suspension and
revocation and mandatory jail or community
service contributed to a reduction of crashes
during evening, late night, and early morning
hours when alcohol involvement in fatal crashes
is most likely. “Per se” laws were associated with
a decline in crashes during daytime hours when
alcohol involvement in fatal crashes is lower. It
was estimated that, in 1985,1,560 fewer drivers
were involved in fatal crashes because of these

three types of drinking-and-driving laws (Zador
et al. 1988).

Education as an Alternative to Legal
Sanctions for D WI

In most States, drivers found guilty of DWI
can choose to participate in alcohol education
or rehabilitation programs as an alternative to
court-ordered punitive sanctions such as fines,
jail sentences, or license revocation (National
Transportation Safety board 1987). Drivers ar-
rested for DWI offenses may be referred by the
court to education or intervention/treatment
programs as alternatives to legal sanctions like
suspension or revocation of driver’s licenses. Of-
fenders experiencing adverse effects of alcohol
use are generally referred to intervention
programs; drivers classified as social drinkers
have been referred to education programs. (A
discussion of identification of alcohol-related
problems among individuals arrested for im-
paired driving as a means of initiating early inter-
vention or referral to treatment is found in
chapter X.1

The value of referring drivers to alcohol educa-
tion programs is based on two assumptions: One
is that drunk driving occurs because drivers lack
knowledge about the effect of alcohol on driving
and the circumstances leading to and conse-
quences of drunk driving and do not understand
their own drinking habits or how to modify
them; the second is that education on these topics
will produce positive attitude changes and thereby
decrease drunk driving and alcohol-related traffic
accidents as well (Klajner et al. 1984).

A review of the results of experimental evalua-
tions of education programs for drinking-driving
offenders suggested that, although these pro-
grams appear to improve knowledge and at-
titudes about drinking and driving, their effects
on personal alcohol consumption and alcohol-
related problems appear to be minimal (Mann
et al. 1983). Moreover, experimental studies have
not consistently demonstrated that these pro-
grams have any strong impact on repeated im-
paired driving or other hazardous driving
behavior (Mann et al. 1983; Peck et al. 1985).

A recent 4-year followup  study (Perrine and
Sadler 1987)_the  most recent of a series of
studies (Hagen  1977; Hagen  et al. 1980; Sadler
and Perrine 1984) comparing California DWI of-
fenders who received license actions with drivers
referred to rehabilitation programs--found that
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offenders who received license actions had fewer
crashes than those who were referred by the
court to rehabilitation programs, although
neither approach had much effect on rearrest for
DWI (Perrine and Sadler 1987). However, in view
of the limited evidence on the effectiveness of
education programs in modifying driving be-
havior, and because license actions have been
found to have a positive impact on traffic safety
outcomes unrelated to alcohol, it has been argued
(Mann et al. 1983; Hagen  1985; Donovan in press;
Peck et al. 1985) that education programs would
be more appropriate as a supplement than as an
alternative to revoking or suspending the license
(actions that appear to be more effective in deter-
ring subsequent crashes).

Interaction and Differential Impact of
Policy Measures

Although the effects of higher prices for al-
coholic beverages, minimum-drinking-age laws,
drinking-anddriving laws, and regulations affect-
ing the availability of alcohol have been studied
independently, it is very probable that these
policy measures interact with one another in their
impact on traffic accidents (Farrell in press). Fur-,
thermore, it can be expected that these measures
will differentially affect drinking drivers-for ex-
ample, different effects may occur based on age,
gender, or socioeconomic status of drinking
drivers as well as on factors specifically related to
their driving or drinking (Farrell in press). An ac-
curate understanding of the role of various policy
measures in influencing accidents will require fur-
ther research into these interactions and differen-
tial effects.

The interaction among drinking-and-driving
policy measures, related events (such as promo-
tions in the media about increased penalties for
DWI),  and other policy measures must also be
considered (Hingson et al. 1988). For example,
Hingson et al. (1987) reported that the sharp ini-
tial declines in fatal crashes following the im-
plementation of Maine’s 1981 comprehensive
drunkendriving laws were compromised by a
shift in police enforcement away from enforce-
ment of speeding laws after the enactment of the
1981 laws. Research findings also suggest that the
level of publicity influences the impact of law en-
forcement efforts (Ross 1984,1987a,b;  Mercer
1985; Vingilis et al. 1988; Shore and Maguin 1988).
Hingson et al. (1988)  noted that it is unclear
whether new cohorts of drivers entering the high-
risk category of teenage drivers were influenced
by the media attention and public discussion

about drunken driving that occurred in the early
1980s. They reported some evidence suggesting
that influence may have been reduced for this
group: After several years of decline, there was a
17-percent  increase in single-vehicle nighttime
fatal crashes and a apercent  increase in other
fatal crashes for teenagers during 1986. Data from
1987 showed fewer single-vehicle nighttime fatal
crashes among teenagers in 1987 than in 1986, but
the total nun&r of crashes remained 9 percent
higher than in 1985 (Hingson et al. 1988). The
authors argued that continued publicity efforts
are required to heighten awareness among this
group and to maintain the attention of the public
at large on these issues.

Research in Tennessee by Decker et al. (19881,
during a period when both increased penalties
for DWI and a change in minimum drinking age
to 19 years of age were implemented, suggests
that effects on young people of different DWI
prevention efforts and related publicity concem-
ing these efforts may vary with age. Although an
increased minimum drinking age had a strong ef-
fect in reducing fatalities among 19- and 20-year-
olds, the threat of increased DWI penalties had
no effect. However, a large effect of increased
penalties lasted for almost 4 years for 15-  to
18-year-olds.  The effect of publicity is suggested
by figure 3, which compares annual number of
articles on DWI in selected newspapers and
magazines (McCarthy et al. 1988) with single-
vehicle nighttime driver fatality rates for 15- to
18-year-olds.

Server Training
Although most establishments serving alcohol

are subject to State or local liquor control laws
that make it illegal to serve alcohol to individuals
who are under age or visibly intoxicated, enforce-
ment efforts primarily address the serving of al-
cohol to minors. Because of the difficulties of
establishing enforceable standards for determin-
ing visible intoxication and of proving in court
that intoxicated patrons have been served, estab-
lishments rarely have been cited for serving al-
cohol to an intoxicated patron (M&night 1987).
However, 35 States have “dram shop” laws that
allow an individual injured by a driver who was
served alcohol illegally while intoxicated to sue
the server of the alcohol for recovery of damages.

Concern over a recent rise in dram shop suits
has led the hospitality industry to educate serv-
ers, managers, and owners about practices that
can reduce their liability and prevent alcohol-
impair&  driving (M&night  1987). Server training
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FIGURE 3. Measure of anti-DUI publicity and 12-month  moving averages of monthly single-vehicle nighttime (SVN) driver fatality
rates per 100 million vehicle miles for 15 to 18-year-olds.
SOURCE: Decker et al. 1988. Copyright 1988 by the American Medical Association.

is an attempt to modify the drinker’s environment
by changing the behaviors of alcohol SeNers  in
public establishments.

Saltz (1989) recently reviewed research on server
training. Although this approach is relatively
new, the few evaluations that have been reported
are promising. Evaluations of servers’ posttrain-
ing behavior suggest that training has a positive
effect, including increased server efforts to reduce
rate of consumption and amount of alcohol
served (Geller et al. 1987; Russ and Geller 19871,
on the amount of alcohol consumed by patrons
(Geller et al. 1987; Russ and Geller 19871,  and on
the probability of patron intoxication (Saltz 1987).

One study found that the probability of a
customer’s becoming intoxicated was cut in half
-although per capita consumption did not
change-after servers had been trained to
monitor for potential intoxication based on
amount of alcohol consumed, rate of consump-
tion, and customer weight (Saltz 1987). Another
study (Geller et al. 1987) monitored servers’ be-
haviors while serving research staff members
posing as patrons; the pseudopatrons served
by a trained server had lower BACs (see fig. 4).
During Training for Intervention Procedures by
Servers of Alcohol (TIPS), servers were given in-
formation on the physiological effects of alcohol
that could help them identify specific warning
signs of overindulgence, and they were taught a
variety of tactics for dealing with customers who

are intoxicated or approaching their limits. Slight
increases in trained servers’ efforts to slow down
the rate of alcohol consumption and decreases in
the amount of alcohol served were also observed
when these servers were compared to untrained
servers.

An example of a community-based program
emphasizing server training is the Techniques of
Effective Alcohol Management (TEAM) project, a
collaboration of NHTSA with the International
Association of Auditorium Managers, the Na-
tional Basketball Association (NBA), GEICO In-
surance Company, the National Automobile
Dealers Association, the National Safety Council,
the Motor Vehicles Manufacturers Association,
and CBS Television (NHTSA 1986). Sports
facilities are focal points of activity for the TEAM
program, which attempts to create a more enjoy-
able game atmosphere with effective crowd
control and to reduce threats to patrons and
residents of the surrounding communities by
decreasing drunk- and drugged-driving incidents
after sporting events (Dickman 1988). A TEAM
demonstration project, conducted in seven arenas
where NBA teams play, provided training and
disseminated information about responsible
sales, service, promotion, and consumption of al-
coholic beverages in public assembly facilities
(NHTSA 1986). Workers in beverage and food
services, indoor security, ushering, parking lot
security, and ticket handling were trained to
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FIGURE 4. Mean  BAC of pseudopatrons by server training
status.
SOURCE: Getter et al. 1987.

recognize and intervene with individuals show-
ing signs of alcohol impairment. Transportation
alternatives, such as designated driver programs,
were instituted and promoted. Activities to in-
crease public awareness of alcohol traffic safety,
such as flashing traffic safety messages about
drinking and driving on arena scoreboards, were
also initiated. By the end of 1987, TEAM training
had been conducted for staff of 44 sports facilities
(NHTSA 1988c).  A strict evaluation design was
not employed in the TEAM demonstration
project; further evaluation of the impact of this
comprehensive approach to prevention appears
warranted.

Two recent studies of server training programs
suggest that program success may be related to
the degree of support given to these programs by
managers of establishments that serve alcohol or
by other significant members of communities
in which such programs are implemented
(M&night  1987; Wittman in press). In an evalua-
tion of a communitywide server training pro-
gram conducted in two cities, M&night  (1987)
observed increases in server actions designed to
reduce alcohol consumption and prevent driving
by pseudopatrons feigning intoxication, but only
in the city where management policies for such
server practices had been improved. The inves-
tigator suggested that the servers’ performance
may be related to management support. Wittman
(in press) reported that server training and other
strategies designed to prevent alcohol use prob-
lems at fraternity house social events were

accepted and implemented by students at a large
university, but resistance to the program by
fraternity alumni advisors thwarted attempts to
monitor and evaluate these activities and
restricted further program development. Such
potential obstacles indicate a need for early proac-
tive efforts to involve all relevant community
members in program planning (Wittman in
press).

Because servers can tailor their actions to
specific drinkers, their efforts may be more in-
fluential than public service announcements
directed at large segments of the population
(Geller et al. 1987). Also, because server practices
have the potential to affect drinking that occurs
immediately before driving, they may be more ef-
fective than standard prevention education ap-
proaches, which are removed in time from
drinking-anddriving situations (Geller et al.
1987). Further investigation is required to under-
stand the environmental factors, management
policy, serving behaviors, and training practices
related to effective server training initiatives
(Geller et al. 1987).

Motor v8hiC/8 and Roadway Design

One motor vehicle design feature that is di-
rectly related to the reduction of alcohol-related
fatalities is the ignition interlock device, which
prevents an individual who is intoxicated from
operating an automobile. These devices, currently
used primarily with DWI offenders, use breath-
test technology and have gained recent attention
as they have become more reliable and accurate
and have incorporated features that prevent or
detect many forms of tampering or circumven-
tion (NHTSA 1988b).  Evidence is not currently
available, however, to judge the potential ef-
fectiveness of these devices to deter alcohol-
impaired driving.

Motor vehicle and roadway design features
capable of reducing all motor vehicle fatalities
would also influence alcohol-related traffic
fatalities. Waller (1989) recently discussed fea-
tures of design that may contribute to or prevent
crashes, as well as features that may increase or
reduce the severity of crashes. Vehicle modifica-
tions include elevated rear brake lights (Waller
19891,  passive restraints such as self-fastening
seat belts and air bags, penetration-resistant
windshields, padded dashboards, and other
energy- and injury-absorbing features (Cameron
1979; Vingilis 1985). Road design factors related
to crashes include the dimensions of grades and
curves (Wright and Robertson 1976) and the
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speed at which traffic lights change from green to
red (Zador et al. 1985). Nedas et al. (1982) found
that when the width of stripes painted in the road
was increased, impaired drivers were less likely
to wander off the sides of roads or across the
center line.

Transportation Alternatives
Apsler (1989) recently discussed two strategies

that provide transportation alternatives for
drinkers: designated drivers and ride service
programs. A 1987 Gallup Poll (Gallup 1987)
found that 78 percent of individuals who visit set-
tings where alcohol is served would be willing to
serve as designated drivers, that is, to remain
sober and drive others in their group who were
intoxicated. No research has been done to eval-
uate the effectiveness of this tactic in preventing
crashes. Although some formal designated driver
programs have been established-primarily by
bars and restaurants-survey data suggest that
this strategy is used mostly informally by groups
of drinkers (Apsler 1989; Apsler et al. 1987).

The ride service program, also frequently
known as the safe ride or dial-a-ride program, at-
tempts to reduce alcohol-related traffic accidents
by providing intoxicated drivers with alternative
transportation. Harding et al. (1988) recently iden-
tified 325 ride service programs across the
country, operated by types of organizations such
as cab companies, bus companies, charitable or-
ganizations, trade associations, hospitals, and
government agencies such as police departments.
Two-thirds of these programs transport intoxi-
cated drivers by taxicab, and 95 percent provide
their services at no cost to the rider. On the
average, the programs deliver 841 rides per year,
and the number of riders served is estimated at
1.5 times this figure (Harding et al. 1988). A sur-
vey by Caudill et al. (in press) of bar and
nightclub patrons in Sacramento and San Jose,
California, indicated that although more than one-
third of the patrons had not heard of ride services
and few had used them, 79 percent said that they
might use such a service if it were available;
87 percent of heavy drinkers reported that
they might take advantage of such a service.

Rigorous evaluations to determine the impact
of ride service programs on traffic safety are vir-
tually nonexistent. Although such programs
often are supported and endorsed by groups like
Mothers Against Drunk Driving (MADD) and by
police departments, half the programs studied
by Harding et al. (1988) were opposed by in-
dividuals or small segments of the community

who charged that these programs promote drink-
ing. Data documenting this possibility also are
not available, and the issue had not seriously
threatened most of the ride service programs
studied (Harding et al. 1988).

Measures to Change Individual
Behaviors

Prevention strategies aimed at changing in-
dividual behaviors have been delivered through
school- and community-based programs and
through mass media campaigns. Traditional mass
media programs to educate the general public
and prevention education programs for school-
age children and youths have emphasized the
transmission of information about alcohol and
alcohol-related problems with an underlying as-
sumption that this information would lead to
changes in attitudes and behavior. In general, re
search on the effectiveness of mass media cam-
paigns that attempt to influence health behavior
by transmitting information has found positive
but low correlations between knowledge or at-
titudes and behavior (Bettinghaus 1986). In line
with these general findings, studies investigating
mass media campaigns to prevent alcohol-related
problems also have found that information trans-
mission approaches have had limited or no ef-
fects on behavior (Hewitt and Blane 1984).
Reviews of attempts to influence alcohol-related
behaviors of children and youths by transmitting
information in alcohol education programs also
continue to conclude that these programs gener-
ally have been ineffective (Rundall and Bruvold
1988). Recently, prevention programs based on
the social learning model that emphasizes the
role of peers in alcohol and drug use have been
targeted at children and youths, but more re-
search will be required to measure and under-
stand the impact of this approach.

Programs for School-Age Children
and Youths

Prevention activities for school-age children
and youths are frequently school based, but they
also may be operated at other sites such as Boys’
Clubs, YMCAs,  recreational centers, and public
housing developments. Although many such
programs emphasize didactic education on
alcohol-related topics, prevention programs also
offer youths positive alternatives to drinking and
attempt to strengthen skills that will help young
people resist pressures to drink. These programs
may focus on general prevention of alcohol use
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or they may be based in driver education
programs for youths and emphasize preventing
drinking and driving.

General Prevention of Alcohol Use. For the
most part, prevention programs have attempted
to delay onset of alcohol use among youths with
one or more of the following approaches: increas-
ing knowledge and changing attitudes, teaching
values and decisionmaking skills, or developing
peer refusal and social competency skills. Evalua-
tions of these programs have found that most
approaches appear to have a positive effect on
knowledge (Rundall  and Bruvold  19881,  but there
has been little consistent evidence suggesting that
specific approaches change attitudes or delay or
prevent alcohol use (Moskowitz 1989). In line
with the findings of previous reviews of preven-
tion research, a number of long-term evaluations
of prevention programs for children and youths
recently have reported limited or no impact on al-
cohol use (Schaps et al. 1986; Hopkins et al. 1988;
Duryea and Okwumabua 1988; Hansen, Malotte,
and Fielding 1988).

Hopkins et al. (1988) evaluated a compre-
hensive program for elementary through high
school students, which was designed to increase
knowledge and build appropriate attitudes about
alcohol, enhance self-esteem, and teach decision-
making skills. In 2- and 3-year followups, the
study found no consistent evidence of program
impact on students’ use of alcohol, cigarettes, or
other drugs. In a further analysis of study data,
Hopkins and his associates (Mauss et al. 1988)
found that the variables that were addressed in
the program-and that most often were the focus
of school-based alcohol education programs in
general (such as knowledge and attitudes about
alcohol, decisionmaking skills, and self-esteeml-
had limited influence on the drinking behavior of
students. More influence on drinking behavior
was found to be attached to noncurricular vari-
ables-that is, characteristics that students bring
with them into a program and that usually are
not or cannot be addressed by school-based inter-
ventions. Examples are demographic charac-
teristics, such as religion, and variables such as
relationships with peers and parents. The authors
suggested that a focus on those noncurricular
variables that are amenable to change, such as
factors related to students’ relationships with
parents or peers, may be more effective in
preventing alcohol use than the focus on cogni-
tive, attitudinal, and affective variables that is cur-
rently emphasized in school-based programs.

Planners of prevention programs for children
and youths recently have used Bandura’s (1977)
social learning theory as a basis for program
development (Johnson et al. 1988).  According to
this theory, people learn about the positive and
negative consequences of specific behaviors both
through their own experiences and through ob-
servation of other people. Early research testing
this theory found that children imitate others
whose behavior receives support.

Prevention programs based on social learning
theory, sometimes labeled “social influence”
programs, emphasize the role of peers in alcohol
and other drug use. Such programs--which, in
some instances, are taught by peers who have
positive status-stress peer refusal skills, correct
normative expectations about alcohol and other
drug use, sensitize young people to inaccurate
messages about drinking promoted by advertis-
ing and other media portrayals of alcohol, and
provide information about parental and other
adult influences (Hansen, Johnson, et al. 1988).
Some programs growing out of social learning
theory often use a cognitive-behavioral approach
(Botvin and Wills 1985) that combines social in-
fluence strategies with interventions intended to
improve general coping skills and thereby reduce
factors like low self-esteem and self-confidence,
which potentially may motivate alcohol use. A
focus on the latter skills has been labeled an affec-
tive education approach and may include train-
ing that focuses on enhancement of self-esteem
and self-image, stress management, values
clarification, decisionmaking, and goal setting.

Social learning theory has been the basis for a
number of school-based smoking prevention
programs. A review of 17 school-based smoking
prevention programs based on the social learning
model suggested that this approach helps
prevent the onset of smoking (Flay 1985). How-
ever, the pattern of results across and within
studies of these programs is inconsistent, and lit-
tle is known about the programs’ long-term ef-
fects on smoking prevention (Moskowitz 1989).
When social learning theory has been applied in
programs for preventing alcohol use, some
studies have shown positive effects (Hansen,
Johnson, et al. 1988; Dielman  et al. 1989; Botvin,
Baker, Botvin, et al. 1984; Botvin, Baker, Renick,
et al. 1984; Gilchrist et al. 1987; Wodarski 1987;
Perry and Grant 1988; Perry et al. in press), but
other research has found very limited or no im-
pact (Hansen, Malotte,  and Fielding 1988; Duryea
and Okwumabua 1988; Schaps et al. 1986). It has



228 Prevention

been suggested that the apparent success of this
approach in smoking prevention may be related
to the current social climate and general belief
that people should not smoke (Moskowitz 1983);
lack of similar attitudes about alcohol may reduce
the impact of this and other educational ap-
proaches attempting to prevent alcohol use
among children and youths (Moskowitz 1989;
Rundall and Bruvold 1988).

Two recently reported studies found that
programs emphasizing a social influences ap
preach had no long-term preventive impact
(Hansen, Malotte, and Fielding 1988; Duryea
and Okwumabua 1988). Duryea et al. (1984)
found that Nebraska ninth-graders who had par-
ticipated in a social influences program and were
tested 2 weeks and 6 months afterward showed
more knowledge about the consequences of al-
cohol use, were better at refuting inducements to
drink and drive, and were less likely to comply
with pressure to participate in alcohol-related
situations or to ride with drinking drivers com-
pared to students who had not participated in the
program. However, a followup  of these students
3 years after program participation (Duryea and
Okwumabua 1988) found no differences between
participants and controls in their reports of drink-
ing frequency or accompanying drinking drivers.
In 3- and 4-year followups, Hansen, Malotte, and
Fielding (1988) found that a social influences pro-
gram delivered to Los Angeles sixth- and seventh-
grade students by classroom teachers and peer
opinion-leader assistants had no effect in reduc-
ing onset or prevalence of alcohol use when com-
pared to controls who did not participate.

Results of some evaluations of programs based
on the social learning model suggest that this
method may not have long-term effects in
preventing onset of drinking but may reduce the
amount of drinking among young people
(Hansen, Johnson, et al. 1988; Dielman et al. 1989;
Botvin, Baker, Renick, et al. 1984; Botvin, Baker,
Botvin, et al. 1984). For example, a program for
seventh-graders in New York City using a
cognitive-behavioral approach did not prevent or
delay early use of alcohol, but study results indi-
cated that participating children reported less fre-
quent drinking, less alcohol consumption when
they drank, and fewer episodes of drunkenness
than the control group at a g-month followup
(Botvin, Baker, Botvin, et al. 1984).

In a study of fifth- and sixth-graders in
Michigan (Dielman et al. 1989) who had been ran-
domly assigned to a peer-resistance program, fol-
lowup at 2,14, and 26 months found that

children who had participated in the study in
sixth grade and who had used alcohol in both
supervised and unsupervised contexts before
participating had a reduced rate of increase in
alcohol use, compared to a control group of
children who did not participate. The program
did not change the rate of increax of use among
children who had had only supervised use before
participation, and it did not delay the onset of use
or affect alcohol use patterns of children who
were abstainers before participation. No effects
were found for children who had participated in
the program as fifth-graders.

The cognitive-behavioral model was adapted
for use with American Indian students in the
Pacific Northwest (Gilchrist et al. 1987). The pro-
gram focused on decisionmaking and skills
needed to resist overt and covert pressures to use
alcohol and other drugs. It also included discus-
sion of culturally relevant material such as myths
about reasons why American Indians drink, fac-
tors that encourage alcohol and other drug use
among Indians, and thinking skills needed to
maintain the “Indian way” and to avoid using
alcohol and other drugs. A &month followup
indicated that program participants had lower
rates of self-reported alcohol, marijuana, and
inhalant use than a control group.

Another program combined the cognitive-
behavioral approach with the “Teams-Games-
Tournaments” (TGT)  technique (Wodarski 1987),
in which students were placed on ability-
matched teams that competed in tournaments of
skills and knowledge about the consequences of
alcohol. In the TGT approach, rewards are based
on group rather than individual performance. Stu-
dents in the 9th, IOth,  and 11th grades randomly
assigned to the cognitive-behavioral-TGT ap
preach were compared to groups receiving tradi-
tional alcohol education or no instruction.
Students who were taught with the combined
cognitive-behavioral-TGT approach showed sig-
nificantly greater knowledge about alcohol,
decreases in self-reported drinking behavior, a
more negative attitude about drinking and driv-
ing, and use of more alternative behaviors for
avoiding driving after excessive drinking. Fol-
lowups at 1 and 2 years indicated that the cogni-
tive-behavioral-TGT group had maintained these
changes in knowledge, attitudes, and self-
reported behavior and that the differences
between this group and the control groups also
were maintained (Wodarski 1987).

The results of one study that directly com-
pared the impact of the two components of the
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cognitive-behavioral model-the social influ-
ences and affective education approaches--sug-
gested that when the two approaches were
conducted independent of each other, the social
influences approach reduced alcohol use among
children who participated as seventh-graders,
whereas the affective approach did not reduce
alcohol use and even may have increased it
(Hansen, Johnson, et al. 1988). In a l-year fol-
lowup,  children in the social influences program
showed reduced prevalence of alcohol, tobacco,
and marijuana use compared to a control group
that did not participate; children who were non-
users before participation showed a reduced
probability of onset of use of the three substances.
At a 2-year followup, initial nonusers in the social
influences program were less likely than controls
to report drinking two or more drinks during the
past 30 days, but there were no significant dif-
ferences between these two groups at lower
levels of drinking. Those children who were users
before participating showed reduced use of al-
cohol at the l-year followup, but this difference
was not maintained at 2 years. The affective pro-
gram showed no preventive impact on children,
and at the 2-year  followup, alcohol use was
greater by affective program participants who
were users before participating than by social in-
fluence participants and the control group. Fur-
ther research will be required to compare the
combined effects of the social influences and af-
fective approaches that are used in the cognitive-
behavioral model with the impact of each type
of program when conducted independently
(Hansen, Johnson, et al. 1988).

The results of studies of social influences
programs that have directly investigated the ef-
fect of actual peer involvement in the instruction
process suggest that peer involvement may in-
crease the impact of these programs (Botvin,
Raker, Renick, et al. 1984; Perry and Grant 1988;
Perry et al. in press). Botvin, Raker, Renick, et al.
(1984) evaluated a prevention program for
seventh-graders in New York suburban junior
high schools based on a cognitive-behavioral
model. Decreased use of alcohol, tobacco, and
marijuana was found for children randomly as-
signed to the program compared to children not
in the program, when the program was taught by
trained high school students; this reduction was
not found when classroom teachers served as
program instructors.

An evaluation conducted in Australia, Chile,
Norway, and Swaziland by the World Health Or-
ganization (WHO) also compared peer-led and

teacher-led social influences programs (Perry and
Grant 1988; Perry et al. in press). In the peer-led
condition, peer leaders were responsible for
presenting about 70 percent of the curriculum
and teachers presented the remainder. In the
teacher-led condition, teachers were responsible
for presenting the entire curriculum. The content
of the peer-led and teacher-led curricula was
identical. Although patterns of results differed
across countries, this pilot investigation found
that students in peer-led programs demonstrated
significantly lower alcohol use scores in posttests
conducted 1 month after the conclusion of the
program than students in nine schools with
teacher-led programs or the six control schools;
in all of the participating countries, neither the
teacher-led program nor the control group
demonstrated more positive outcomes than the
peer-led program for any outcome measure
(Perry et al. in press). The investigators suggested
further investigation including a greater number
of countries, a longer followup  period, and an as-
sessment of variables that predict alcohol use
among students (Perry and Grant 1988).

Schaps  et al. (1986)  summarized the results
of a series of evaluations of seven school-based
prevention strategies implemented in Napa,
California, suggesting only a limited positive ef-
fect of a program using a cognitive-behavioral ap
preach.  The programs evaluated included a drug
education course for seventh- and eighth-graders
based on a cognitive-behavioral model kom-
bining the social influences and affective ap
proaches) and two alternatives programs
(cross-age tutoring and operating a school store).
Also evaluated were the impact on students of
four in-service teacher-training programs focus-
ing on classroom and individual factors that are
thought to influence students’ attitudes toward
school, self-esteem, and social competencies.
Each group of students was exposed to only one
of the programs. Of all programs evaluated, only
one version of the drug education program
showed a positive, but short-term effect on al-
cohol use; it was confined to seventh-grade girls.

because many prevention studies targeted at
children and youths show very small or no
measurable effects, and because there are incon-
sistencies and contradictions among outcomes of
many prevention programs, it has been difficult
to reach conclusions about these interventions. To
assist in determining the effectiveness of various
prevention approaches, meta-analytic techniques
recently have been used to estimate the average
effect of all broadly similar interventions by
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aggregating the results of a number of studies.
Two meta-analyses have provided some evidence
suggesting that programs that use innovative in-
terventions such as emphasizing peer resistance
skills or offering positive alternatives to drinking
have some impact on alcohol use among young
people (Rundall and Bruvold 1988; Tobler 1986).
A me&analysis  conducted by Bangert-Drowns
(1988) did not find differences in behavioral out-
comes as a function of program type, but it did
find that programs conducted by peer leaders
had a larger effect size on attitudes about alcohol
and other drugs than programs administered
primarily by adults.

School-Based Driver Education Classes.
Recent reports have reviewed evaluations of
school-based programs for the prevention of
drinking and driving, many of which are part of
high school driver education classes (M&night
1986; Mann et al. 1986; Vegega and Klitzner 1988;
Klitzner 1989). After the establishment of many of
the early driver education alcohol programs as
part of the Alcohol Safety Action Projects of the
early 197Os, almost every State has incorporated
alcohol education into its driver education cur-
riculum (McKnight 1986).

In addition to educational programs, other
approaches designed to prevent youths from
drinking and driving attempt to modify the
environment by providing alternatives to drink-
ing, such as alcohol-free events; transportation al-
ternatives for intoxicated young drivers;
incentives for reducing alcohol consumption; and
regulation of the hours, places, and conditions
under which alcohol will be served (M&night
1986). However, although many youth-targeted
programs that make such environmental altera-
tions have been implemented, few have been
evaluated (Williams 1987; Williams et al. 1986).
Further research is required in this area.

None of the research on educational programs
to prevent youths from drinking and driving has
used traffic safety measures to assess program im-
pact. Although traffic safety would be the most
direct measure of a program’s success, large
study groups would be required because, despite
the relatively high percentage of alcohol-related
automobile accidents involving young people,
the average teenager has a very low probability
of being arrested for drinking and driving or
being involved in an accident because of drinking
(M&night  1986). A means of addressing this
problem would be to develop other indexes
that have known relationships to traffic safety
measures (Mann et al. 1986). This approach was

adopted by McKnight et al. (1979, cited by Mann
et al. 19861, who compared knowledge, attitudes,
and self-reported drinking and driving responses
of students who participated in a school program
with the responses of other youths who had
known drinking-driving problems.

Most studies of alcohol education programs
for youths focusing on drinking and driving have
shown improved knowledge and attitudes about
alcohol and its relationship to driving (Mann et
al. 1986; McKnight 1986). Research that has in-
cluded self-reported drinking-driving behavior as
an outcome measure has been inconclusive.
These studies found no effects of education
(M&night  et al. 1979, cited by M&night  19861,
self-reports of less drinking and driving but more
drinking (Albert and Simpson 19851,  and more
permissive attitudes about drinking and driving
(Kohn et al. 1982).

Although McKnight et al. (1979, cited by
McKnight 1986) found that an alcohol education
program was ineffective in leading students to
control their own drinking and driving, they did
find that it increased students’ efforts to intervene
in the drinking and driving of their peers. This
tendency of youths to intervene has been found
to increase after youths participate in instructional
programs that provide practice in intervention
(M&night  and McPherson 1986). When youths
were randomly assigned to a peer intervention
training program or an informational alcohol
education program, both programs led to im-
proved knowledge and attitudes about drinking
and driving, but only participation in the peer in-
tervention training program was related to a sig-
nificantly higher incidence of intervention with
others’ drinking and driving during a followup
period. Further research will be necessary to
determine whether interventions by students
who have received this training is successful in
reducing drinking and driving among their peers.

Kohn et al. (1982) randomly assigned high
school driver education students to view one of
three versions of a film; all of the films included
the same basic information but differed in the
seriousness of the consequences of drinking and
driving depicted at the end. All experimental
groups showed a significant gain in knowledge,
but the film versions with very low- and high-
threat endings produced more permissive at-
titudes toward drinking and driving on an
immediate posttest. A 6-month followup, how-
ever, found no differences among the groups in
knowledge or attitudes or in self-reported drink-
ing and driving.
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Fear appeals or “scare tactics” were used
in many earlier drug and alcohol education
programs (Kinder et al. 1980). Although a num-
ber of factors, including such variables as gender
and self-esteem of subjects and credibility of the
communicator, have been found to influence the
effects of fear appeals (Kohn et al. 19821, in
general these approaches have not been shown to
be effective means of changing behavior patterns
of drug and alcohol use (Kinder et al. 1980).

Although the results of the Kohn et al. (1982)
study are in accord with previous research in-
dicating that scare tactics are not effective and
may even lead to the opposite of the intended out-
comes, the findings of another recent study sug-
gest that an opportunity to observe firsthand the
adverse consequences of driving while intoxi-
cated may be an effective prevention approach
for youths (Bernstein and Woodall  1987). Ran-
domly assigned middle school students either
(a) received classroom alcohol education about
the short- and long-term consequences of abuse
of alcohol and other drugs or (b) participated in a
program that provided exposure to real-life social
and medical consequences of alcohol and other
drug abuse through visits and interviews with
emergency department and trauma center
patients and their families in conjunction with
classroom alcohol education emphasizing the

\ social consequences of alcohol and other drug
abuse. Those students who made hospital visits
in conjunction with classroom education
demonstrated increasingly greater perception of
risk from driving under the influence of drugs or
alcohol over an 8-month  followup  period com-
pared to the control group that received only
classroom education (Bernstein and Woodall
1987). Further research will be required to deter-
mine the factors responsible for the positive out-
come of this approach with respect to attitudes
and to examine its impact on behavior.

Community Education Approaches
Community education strategies include mass

media campaigns attempting to change behaviors
of individuals in an entire community or members
of specific groups in a community, such as drivers
Other examples of approaches to community
education am the activities of local grassroots or-
ganizations and the implementation of community-
based programs designed to educate large
segments of the public and to provide other ser-
vices that can prevent alcohol-related problems.
Generally, the term “community-based” is not

used to label programs that are entirely school
based.

Mass Media Campaigns. There is evidence
that mass media campaigns about drinking and
driving can increase public knowledge. A cam-
paign conducted in Canada combining broadcast
and print media with increased law enforcement
produced knowledge gains (vingilis  and Salutin
1980). Another Canadian campaign that
employed only the media resulted in knowledge
gains as well as small positive changes in self-
reported behavior (Pierce et al. 1975). A more
recent mass media campaign conducted in Maine
targeted teenagers with radio public service
announcements in one region of the State
(Kovenock et al. 1986). Compared to individuals
in a similar but separate region of the State,
teenagers in the targeted region were found to
have more knowledge of State drinking-and-
driving laws and reported a lower incidence of
driving after drinking.

For the most part, however, research indicates
that mass media campaigns alone do not change
health behavior (Bettinghaus 1986). Nonetheless,
such campaigns can increase awareness, change
attitudes, and provide a context in which other
strategies for behavioral change can succeed
(Rootman  1985). Recent discussions of the role of
mass media campaigns in the prevention of al-
cohol abuse have emphasized the need for in-
tegrated approaches such as linking mass media
and school-based prevention programs (Flay
1986) or focusing on more accurate portrayals of
alcohol in television programming and advertis-
ing in combination with mass media campaigns
in order to change the “message environment”
pertaining to alcohol (Wallack  1985).

Community-Based Programs. The term
“community-based program” has several inter-
pretations when used to describe alcohol abuse
prevention. It can refer to grassroots or self-help
prevention programs that are implemented by
the citizens of a community, in contrast to
programs that are led or directed by government
or other institutions. The term can also describe
initiatives that target a defined community-that
is, an entire city or town-as the setting for a corn-
prehensive program of prevention measures.

Although the targeting of whole communities
has not been applied extensively to alcohol
problems, community-based models that are
used to address other health-related problems
may provide direction for future programming in
alcohol abuse prevention. Such an approach has
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been widely used in health promotion programs
to reduce risk factors for cardiovascular disease
such as a high-cholesterol diet, lack of exercise,
and smoking. Findings of the Stanford Heart Dis-
ease Prevention Project, a landmark program of
this type, indicated that positive health effects
were longer lasting when intensive instruction
and in-home counseling accompanied the mass
media education campaign than when a mass
media approach was used alone (Farquhar et al.
1981). Another model of community-based
prevention is illustrated by a program promoting
and training for breast self-examination (BSE) as
a means of detecting cancer at an earlier stage
(Worden et al. 1987). BSE training presentations
were made to groups of women in Vermont com-
munities, and mass media were used to increase
community support. An evaluation of the pro-
gram found increases in self-reported frequency
and quality of BSE for these women compared to
women in a control community with no BSE pro-
gram (Worden  et al. 1987).

One of the few attempts to evaluate a com-
munity-based approach to altering drinking be-
havior was reported by Wallack and Barrows
(1982-83). One Northern California community
was exposed to a mass media campaign focused
on reducing overuse of alcohol, a community
storefront effort that provided a series of educa-
tional meetings tailored to different groups in the
community (e.g., PTAs and employees in work
settings), and workshops for elementary and
secondary school teachers. A second community
was exposed only to the media campaign. Study
findings indicated that residents of target com-
munities increased in knowledge about alcohol
compared to the control community not exposed
to such efforts, but there were no changes in be-
havior (Wallack and Barrows 1982-83). Problems
in program implementation were reported by the
authors, including objections by State wine
producers, which led to modification of television
commercials, delay, and reduced exposure; also
reported was a lack of coordination between
the mass media effort and the community educa-
tional meetings.

A more recent community education program
trained drinkers in three Vermont communities to
monitor their BAC levels using drink calculators
(cardboard wheels and wallet cards) distributed to
customers  at bars and other licensed beverage out-
lets (worden  et al. 1989). Study results suggested

that distribution of the calculators combined with
instruction in their use by trained service person-
nel at beverage outlets and demonstrations on
television public service announcements may
have reduced drinking among drivers. In another
recent community project in New Zealand
(Casswell and Gilmore  19891,  community or-
ganizers worked with local organizations to
stimulate discussion in the media about alcohol
policy issues related to availability, price, and ad-
vertising. A media campaign emphasizing the
reduction of heavy drinking among young men
was also initiated. A project qvaluation  indicated
that while there was a national trend toward sup-
port for liberalization of alcohol policies during
the study period, this trend appeared to be in-
hibited in cities where one or both of the educa-
tion approaches were implemented.

Implementation problems also were reported
in a university-based program of server training
reported by Wittman (in press) and in a multi-
component community-based prevention initia-
tive in Canada that promoted prevention
messages through the media and through profes-
sionals, provided counseling and education for
heavy drinkers, and attempted to stimulate local
initiatives relevant to alcohol-related policies and
problems (Giesbrecht in press). Both authors
stressed the need to involve relevant, significant
community members and institutions in the plan-
ning of community-based programs.

The recent development of grassroots pmgrams
to prevent alcohol-related problems is another ex-
ample of community-based pngmmming.
Through community organization, various groups
such as MADD, Students Against Driving Drunk,
and Remove Intoxicated Drivers have maintained
high visibility for alcohol-related problems and
stimulated community action and legislative
activity to prevent drunk driving O&Back  1985).
McCarthy et al. (1988)  tpported  that since these or-
ganizations began forming in the late 197Os,  more
than 400 local groups have been establish& nation-
wide. The development of the local grassroots
movement and descriptive studies that have been
conducted were  mcently  reviewed by McCarthy
and Harvey (1989).  However, the measurement of
the dimct impact of grassroots organizations on
traffic safety is a difficult task; no evaluations of
the effectiveness of these programs in preventing
drunk driving or reducing crashes have been
reported in the literature.
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Summary
Research investigating the relationship be-

tween the price of alcoholic beverages and al-
cohol use problems such as motor vehicle crashes
continues to be one of the most promising re-
search areas related to prevention. Evidence
documenting the association of price increases
and both the amount of alcohol consumed and
resulting problems continues to accumulate.

The increase in the minimum drinking age
from 18 to 21 has also been demonstrated to be
an effective prevention strategy. The greatest
reduction in fatal traffic accidents involving
drunk drivers from 1982-1986 was among drivers
aged 16-20 in States that had increased their mini-
mum drinking age to 21, and research findings
suggest that these changes may have a long-term
impact on fatal accidents.

Recent research also indicates that com-
munities may use planning and zoning ordin-
ances to prevent alcohol use problems. Other
research on alcohol availability indicates that fac-
tors such as type and number of outlets selling al-
cohol as well as the particular hours of the day
alcohol beverages are available for sale can in-
fluence the amount of alcohol sold and the num-
ber and timing of automobile crashes.

Accumulating data indicate that implementa-
tion problems, including limited promotion in
the media and law officers’ low priority for
programs designed to deter drinking and driv-
ing, may have reduced the impact of such
measures. These findings suggest that short-term
positive effects of deterrent programs may be
viewed as promising results that call for im-
proved implementation and further research into
the long-term impact of these approaches.

Data on server training programs, a relatively
new approach to reducing the incidence of drunk
driving are becoming available. Evaluations of
these programs, though few in number, suggest
that server training may increase server efforts
to reduce rate of consumption and the amount of
alcohol served and may decrease the amount
of alcohol consumed by patrons and the prob
ability of their intoxication.

It is possible that various alcohol-related
policy measures interact with one another in their
impact on traffic crashes and affect different
groups of drivers differently. For example, re-
search has shown that increased penalties for
DWI have different effects for 19- and 20-year-old

drivers as compared to those 15 through 18 years
of age.

The results of recent prevention efforts focused
on school-age children suggest that programs
based on the social learning model may reduce al-
cohol use among young people. This approach
provides children and youths with skills that they
can use to resist pressures to drink and may in-
volve peers in the instructional process. Other
prevention approaches, such as those emphasiz-
ing alcohol education, have been found to in-
crease young people’s knowledge about alcohol
and its effects, but generally have not been suc-
cessful in changing attitudes or behavior.

Although there is some evidence that mass
media campaigns can influence alcohol use
problems such as drinking and driving the need
for community-based programming integrating
mass media efforts into comprehensive efforts
combining a variety of prevention measures con-
tinues to be an area of interest. While model com-
munity programs have been developed to
address other health-related problems, few
programs of this type have been implemented for
the prevention of alcohol abuse. Available
evidence suggests that successful implementation
of such programs will require the involvement of
significant community members and institutions
in the program planning process.

The effect of advertising and other media
portrayals of alcohol on consumption and
alcohol-related problems continues to be an issue.
It is clear that the portrayal of drinking on
television programs presents an unrealistic pic-
ture of drinking that is unbalanced in its depic-
tion of drinking frequency and outcome. Recent
research also indicates that, while the amount of
national alcohol advertising in college news-
papers decreased between the late 1970s and the
mid-1980s,  during both periods the amount of
advertising space devoted to alcohol advertising
greatly exceeded advertising for books and soft
drinks. However, due to the limited amount of
research conducted in this area, it is not possible
to draw firm conclusions about the influence of
either alcohol advertising or other portrayals of
alcohol by the media on alcohol consumption.
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EbdyandMinimal

Introduction
Early intervention targets nondependent

drinkers-that is, individuals who are either at
high risk for developing alcohol-related problems
or who are experiencing adverse effects of drink-
ing but who are not alcohol dependent. The inter-
vention process includes both identifying such
individuals and modifying their drinking pat-
terns and their drinking-related behaviors and
attitudes.

Candidates for early and minimal intervention
may be identified in health care settings, at
worksites, as a result of arrests for driving while
intoxicated (DWI), or through recruitment cam-
paigns using the mass media. Minimal interven-
tion such as brief counseling or advice from a
health care provider about alcohol-related
problems is an area of growing research interest.
Moderation training is another early intervention
approach that may prove effective for alcohol
abusers experiencing alcohol-related problems.
Clinical and research interest in early and mini-
mal intervention is relatively recent, and data in
these areas are therefore limited.

This chapter begins with a brief discussion of
the early identification process. Recent studies on
minimal intervention approaches, moderation
training interventions for drinking drivers and

children of alcoholics, and employee assistance
programs (EARS)  are also discussed.

Early Identification
Early intervention approaches may be targeted

at nondependent drinkers who are beginning to
experience adverse effects of alcohol such as
work impairment (e.g., lowered performance
rating or loss of workdays), social disruption
(e.g., departure of spouse or arrests for alcohol-
related offenses), or physical harm (e.g., acci-
dents or illness) (Polich and Orvis 19791.

Identifying these drinkers is less straightfor-
ward than detecting people who have more
severe alcohol-related problems. Skinner (19%)
noted that the identification process is more dif-
ficult when detection is attempted in the early
stages of drinking problems. Figure 1 depicts the
disorders associated with early and later stages of
excessive drinking. After 10 to 15 years of such
drinking, patients are likely to have the classic
symptoms related to alcohol dependence. Al-
though a wide variety of psychosocial and
biomedical problems are potentially related to al-
cohol abuse at earlier stages, these problems lack
diagnostic sensitivity because no one of them is
found in all alcohol abusers. Further, these clini-
cal signs or symptoms tend to occur relatively in-
dependent of one another (Skinner 1986).
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Early identification Diagnosis
Usual focus of

treatment and research

Area of overlap

’ Short
Duration of excessive drinking

Long +

FIGURE 1. Disorders associated with the duration of excessive drinking.
SOURCE: Skinner 1986.

Because of such difficulties, persons in the
early stages of alcohol abuse may not be iden-
tified in the course of routine diagnostic examina-
tions. Furthermore, drinkers who seek help for
their alcohol use problems may not do so until
the problems are severe (Hingson et al. 1982).
Consequently, a more proactive screening
process is required to identify candidates for
early intervention. Many health care settings
have been proposed as appropriate for this
screening, including primary care medical prac-
tices (Skinner et al. 1985a,b),  general hospitals
(Lewis and Gordon 19831,  emergency rooms
(Yates et al. 1987),  and prenatal programs (Little
et al. 1985). (A more detailed discussion of

settings, instrumenk,  and procedures for screening
and diagnosis of alcohol use problems is in chap
ter WI.)  Alcohol use problems also may be iden-
tified at worksites or as the result of DWI arrests.

Evidence accumulated from evaluations of ex-
perimental alcohol intervention programs indi-
cates that candidates for early intervention
sometimes can be identified through relatively
nonintensive recruitment efforts. A number of
studies have reported that newspaper announce-
ments and advertisements about programs are
successful in encouraging self-referral by this
population (Berg and Skutle 1986; Miller et al.
1980; Pomerleau et al. 1978; Sanchez-Craig et al.
1984; Vogler et al. 1977; W.R. Miller et al. 1988).
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However, recruitment emphasizing self-referral
may be less effective in programs for people with
alcohol use problems than in programs for people
with other types of problems For example, the
number of drinkers who self-referred to an ex-
perimental alcohol intervention program was
approximately one-fourth the number of people
who responded to similar recruitment campaigns
for assertiveness training and stress management
programs; campaigns for all programs used
newspaper articles, radio and television shows,
and visits to health and mental health agencies
(Alden 1980). This result suggests that a large
proportion of people with alcohol use problems
in the general population may not be easily
recruited into an early intervention program and
would be unlikely to respond to a newspaper
recruitment announcement. Research is needed
to differentiate among those individuals who can
and cannot be reached in this manner.

Early intervention efforts also may be targeted
at people who are not yet alcohol dependent but
who are at high risk for becoming dependent.
Compelling evidence for a genetic contribution to
susceptibility for alcohol dependence exists. Most
offspring of alcohol-dependent parents do not,
however, develop alcohol use problems. A sub-
stantial body of research documents efforts to
characterize those at risk for alcohol dependence
(see chapters III and IX). Such research may lead
to the development of techniques to identify
those most at risk for dependence.

Approaches to Early
Intervention

Behavioral approaches to early intervention
are a current emphasis. Some of these approaches
are relatively complex and may involve a series
of sessions over a period of weeks or months, but
there is accumulating evidence that minimal inter-
ventions involving advice or counseling are also
effective.

Minimal Intervention Approaches

Minimal intervention approaches have in com-
mon (1) low cost, (2) modest investment of time
and resources, (3) emphasis on self-help and self-
management techniques, and (4) minimal involve-
ment of professionals (Babor et al. 1987). Current
minimal intervention approaches build on the
findings of research conducted in the 1970s in
England, which suggested that a brief “advice”

intervention, consisting of a 3-hour  assessment
followed by a l-hour session of feedback and ad-
monition, can be as effective as conventional treat-
ment for nondependent drinkers experiencing
adverse effects of alcohol (Orford et al. 1976).
Since then, the effectiveness of minimal interven-
tion has been examined in a number of countries.

The effectiveness of minimal interventions was
investigated in Scotland with alcohol abusers
who had been screened while hospitalized for
non-alcohol-related reasons (Chick et al. 1985).
A randomly selected intervention group received
30 to 60 minutes of counseling and a booklet of
advice on reducing drinking. Control subjects
received only routine medical cam.  At a 12-month
followup, patients in the intervention group
showed greater reduction in number of alcohol-
related social and medical problems and in level
of gamma-glutamyl transpeptidase (GGTP)
activity, a measure of recent heavy alcohol use.

In a study in a New Zealand hospital (Elvy et
al. 19881,  randomly assigned surgical and or-
thopedic patients (nondependent drinkers who
had screened positive for adverse effects of al-
cohol) were offered referral to an alcohol coun-
selor at the hospital for further assessment and
possible intervention or had no opportunity for
referral. Letters giving screening and assessment
results were also written to the general prac-
titioners of referral group members. At 12
months, patients in the referral group showed
greater improvement in self-reported drinking
problems, as measured by a screening test
developed to detect such problems in hospital-
ized patients (Elvy and Wells 1984). Referral
group patients also had improved work perform-
ance, longer abstinence, and greater personal
happiness than control patients. The referral
group demonstrated continued, though more
limited, improvement at the 18-month followup.
The control patients generally showed no im-
provement, and some deterioration, in outcome
variables at 12 months, but at 18 months they had
marked improvement in drinking problems and
some improvement on work and personal
problems. The researchers believed that the 12-
month followup  with the control patients, con-
ducted by a nurse, may itself have functioned as
a minimal intervention and caused the sub-
sequent improvement at 18 months.

The results of a screening and intervention pro-
gram in Sweden also suggest that minimal inter-
ventions varying in intensity may influence
certain drinking-related outcomes (Kristenson  et
al. 1983). Heavy and moderate drinkers with two
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consecutive GGTP values in the upper decile of
the GGTP distribution were randomly assigned
to an intervention group or control group. Mem-
bers of the intervention group received quarterly
consultations with a physician, monthly GGTP
tests, and contact with a nurse. Counseling
focused on living habits, and the goal was
moderate drinking rather than abstinence. Mem-
bers of the control group were informed by letter
that they should restrict their alcohol consump-
tion and were invited for additional measure
ments of their liver enzymes after 2,4,  and
6 years.

During the followup period, the intervention
group had significant reductions in absences
from work due to illness, days spent in the hospi-
tal, and mortality compared with the control
group. However, GGTP values were significantly
decreased in both groups at 2 and 4 years, and
there was no significant difference between the
two groups in the amount of reduction. Further-
more, there were no significant differences be-’
tween the two groups in number of hospital days
for alcohol-related conditions (alcohol psychosis,
alcoholism, liver cirrhosis, and pancreatitis).

These results suggest that the letter received
by the control group may have served as a mini-
mal intervention that influenced outcomes re-
lated to drinking problems (GGTP level). Became
the study did not include a control group receiv-
ing no intervention, however, it cannot be deter-
mined with certainty if the reductions in GGTP
level for both study groups were related to the ex-
perimental intervention and the letter or to other
factors. The significant reductions in absences
from work due to illness, days spent in the hospi-
tal, and mortality for the intervention group
coupled with the lack of significant difference be-
tween groups in number of hospital days for al-
cohol-related conditions also suggest that the
quarterly consultations with a physician and
monthly contacts with a nurse may have served a
general health surveillance function for the inter-
vention group.

In the United States, W. R. Miller and his as-
sociates found that the outcomes of drinkers
who received a minimal intervention providing
3 hours of assessment, advice, and encourage-
ment and a self-help manual based on behavioral
self-control training (BSCT) did not differ from
patients who received 6 to 18 weeks of individual
BSCT therapy; all groups showed significant
reduction in consumption (Miller and Taylor
1980; Miller et al. 1980; Miller et al. 1981; Miller
and Baca 1983). Such findings suggested that

advice and encouragement, the self-help manual,
or the assessment process itself could act alone as
a minimal intervention.

A recent study conducted in the United States
by W. R Miller et al. (1988) directly examined
the possibility that a screening and assessment
process could function as an effective minimal
intervention. Miller and his colleagues studied
the “drinker’s checkup” (DCU), which includes
(1) an interview to assess drinking pattern and
history and life problems, (2) a blood test assayed
for indicators of alcohol-related health impair-
ment, (3) neurological tests of the effects of al-
cohol on the brain, (41 interviews with collaterals
to confirm clients’ self-reports, (5) an inventory of
alcohol use, and (6) a followup session during
which feedback of findings is provided.

Assessed subjects showed a modest but sta-
tistically significant reduction in alcohol con-
sumption 6 weeks after their feedback sessions
compared to control subjects who had not been
assessed; assessed subjects maintained reduced
consumption at an l&month followup. However,
14 percent of the subjects sought help for their
drinking problems within 6 weeks of feedback,
and 33 percent sought help within 18 months of
feedback. Although consumption was reduced,
Miller and his colleagues concluded that the DCU
alone was not sufficient intervention, because
most clients had persisting symptoms and
problems. They noted, however, that the DCU
may provide a motivational boost and serve as
preparation for treatment (W. R. Miller et al.
1988).

There have been relatively few evaluations of
minimal interventions, but the results of the
studies that have been conducted are promising.
In a number of instances, unexpected findings
have provided support for the concept of mini-
mal intervention. For example, the “brief advice”
given in the Orford et al. (1976) study, which
generated initial interest in minimal intervention,
was in fact intended to be a control condition and
not anticipated to have a positive effect on out-
come. The 3 hours of assessment, advice, and en-
couragement and self-help provided to subjects
by W. R Miller and his associates (Miller and
Taylor 1980; Miller et al. 1980; Miller et al. 1981;
Miller and Baca  1983) was also designed as a con-
trol condition. Outcomes of the Elvy et al. (1988)
and Kristenson et al. (1983) studies also may have
been influenced by interactions between health
care providers and subjects that were not ex-
pected to have a therapeutic effect. Taken
together, the results of this research suggest that



Intervention 247

the impact of any interaction between service
providers and patients, however minimal, cannot
be taken for granted. They also indicate the need
for careful design of future research in this area-
e.g., including no treatment control groups-so
that the impact of various components of inter-
ventions can be independently evaluated.

Moderation Training

Recent reviews of the literature suggest that
controlled drinking, as opposed to abstinence, is
not an appropriate treatment goal for individuals
who are dependent on alcohol (Miller and Hester
1986; Nathan and Skinstad 1987). It has been sug-
gested, however, that training aimed at moderat-
ing drinking may be an effective intervention for
nondependent drinkers experiencing adverse ef-
fects of alcohol (i.e., alcohol abusers) (Marlatt
1988; Miller 1984; Miller and Hester 1986; Nathan
and Skinstad  1987; Ogbome 1987). Although find-
ings have been mixed, research examining predic-
tors of success indicates that the most consistent
predictors of a positive outcome after moderation
training have been lower duration and severity of
drinking symptoms and problems (Miller and
Hester 1986).

BSCT, the most frequently used approach for
teaching moderate drinking generally includes
the following strategies (Miller 1984; Cellucci
1984): (1) setting specific limits  and goals for
drinking; (2) using biofeedback or a blood alcohol
concentration (BAC) table or estimation rules to
teach BAC discrimination; (3) self-monitoring of
alcohol consumption; (4) slowing drinking
through use of rate control methods; (5) using
operant principles including self-reinforcement
and self-contracting; (6) identifying frequent an-
tecedents or consequences that affect drinking be-
havior; (7) altering antecedent conditions through
stimulus control and teaching new skills such as
drink refusal; and (8) learning behavioral alterna-
tives to drinking.

The findings of research that has been con-
ducted to evaluate the effectiveness of BSCT as an
early intervention approach are inconclusive.
BSCT has been found effective in reducing al-
cohol consumption by DWI offenders who were
compared to untreated control subjects and to
drivers placed in a conventional alcohol educa-
tion program (Brown 1980).  However, research
conducted by W. R. Miller and his associates on
nondependent, self-referred drinkers (Miller and
Taylor 1980; Miller et al. 1980; Miller et al. 1981;
Miller and Baca 1983) found that the proportion

of successful outcomes did not differ between
groups receiving 6 to 18 weeks of individual
BSCT from a therapist and groups receiving a
self-help manual on BSCT (Miller and Munoz
19821  plus 3 hours of assessment, advice, and en-
couragement. Although the results of W.R. Miller
and his colleagues (Miller and Taylor 1980; Miller
et al. 1980, Miller et al. 1981; Miller and Baca
1983) suggest that an intervention providing a
BSCT self-help manual may be effective, further
research is required to determine the relative ef-
fectiveness of therapist-conducted BSCI’,  BSCI’
provided by a self-help manual, or advice and
encouragement alone.

It is possible that responses to these and other
brief interventions may be differentially affected
by patient characteristics. For example, Marlatt
(1988)  has proposed a “stepped-care” approach
to intervention, based on a behavioral model of
stages of change in habit acquisition and habit
change that was developed originally by re-
searchers in the field of smoking prevention and
cessation (Pro&a&a and DiClemente 1986;
DiClemente and Prochaska 1985). In the pro-
posed approach, decisions about an appropriate
intervention format would be based on the target
individual’s “change stage” and could vary in in-
tensity ranging from use of a self-help manual or
a single session of feedback and professional ad-
vice to comprehensive programs providing skill
training (Marlatt 1988). (See chapter XI for a dis-
cussion of patient-treatment matching in more
traditional alcoholism treatment programs.)

Intervening With
Drinking Drivers

Arrests of drinking drivers may result in early
identification of and intervention with their al-
cohol use problems. To increase the effectiveness
of this identification and intervention process, the
need to differentiate among individual drivers on
the basis of their characteristics has recently been
emphasized.

Intervening With DWI Offenders

Interventions for DWI offenders gained
popularity when alcohol safety action programs
were implemented in the United States (Klajner
et al. 1984). These programs aimed to make client
referrals based on assessment of the clients’ ac-
tual problems. Because it was believed that the
primary problem of DWI offenders was alcohol
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abuse rather than drunk driving, these drivers
were referred to treatment programs instead of or
in addition to educational programs (Klajner et
al. 1984). In general, the DWI offenders referred
to treatment programs have been the ones ex-
periencing other adverse effects of alcohol use.
Drivers classified as social drinkers have been
referred only to educational programs. (See chap
ter D( for a discussion of the use of education
programs to prevent further drunk driving
among DWI offenders.)

Systematic research that documents the effec-
tiveness of interventions on changing the drink-
ing behavior of DWI offenders experiencing the
adverse effects of alcohol is very limited. A
review of research (Mann et al. 1983) indicates
that group therapy and moderation training
programs are the primary methods that have
been evaluated experimentally. The findings of
studies using a randomized control group sug-
gest that moderation training may be more effec-
tive than group therapy in reducing drinking.
Studies of programs using group therapy
(Swenson and Clay 1980; Swenson et al. 1981)
found no differences in drinking behavior be
tween experimental and control groups, but such
differences were found in a study that examined
moderation training (Brown 1980).  However, no
direct comparisons of these methods have been
made, and moderation training has not been
widely applied as an intervention for DWI
offenders.

Research on interventions for DWI offenders
has also examined the impact of these interven-
tions on rearrests for DWI. In a study conducted
in 11 small Mississippi municipalities (Landrum
et al. 1982, cited by Peck et al. 19851, there were
no differences in DWI rearrests among DWI of-
fenders randomly assigned to probation, group
therapy, a combination of group therapy and
probation, or a no-treatment control condition.
However, Reis (1982, cited in Peck et al. 1985)
found that Sacramento drivers randomly as-
signed to groups receiving (1) biweekly 15-
minute interviews or (2) weekly 2-hour group
therapy sessions had lower rates of DWI arrests
during the year-long treatment period than the
control group. During a 2-year followup  period,
however, the effect of the biweekly contact group
on rearrest rates diminished more rapidly than
the effect of group therapy; differences between
the two groups began 2 months after the treat-
ment period (Reis 1982, cited in Peck et al. 1985).

Furthermore, subject characteristics influenced
the effects of the two types of interventions

studied by Reis. For subjects with the educational
equivalent of high school graduation or less, both
the E-minute biweekly contacts and group
therapy were beneficial, whereas for subjects
with 1 or more years of college, only therapy was
effective. Neither intervention was more effective
than the control condition for those subjects
whose BACs were 0.19 or less at the time of their
last DWI arrest, whereas both biweekly contact
and therapy were more effective than no treat-
ment for subjects whose BACs were 0.20 or
greater; the latter did very poorly in the control
group (Reis 1982, cited in Peck et al. 1985).

Although the interventions studied by Reis
affected DWI arrests, they did not reduce the
subjects’ subsequent involvement in crashes. Fur-
thermore, neither Reis nor Landrum  et al. com-
pared subjects receiving treatment to drivers who
had their licenses suspended after DWI arrests.
In many States, DWI offenders have the option
of participating in educational or treatment
programs as a substitute for court-ordered puni-
tive sanctions such as license revocation or
suspension (NTSB  1987).

Research conducted in California compared
outcomes of DWI offenders in four counties
where alcohol rehabilitation demonstration
programs for drivers had been implemented, to
outcomes of offenders in four matched com-
parison counties whose licenses were suspended
or revoked (Hagen 1977; Hagen  et al. 1980; Sadler
and Pet-tine  1984; Perrine and Sadler 1987). At a
cl-year followup, study findings indicated that
offenders who received license actions had
fewer crashes than those who were referred by
the courts to rehabilitation programs (Sadler
and Perrine 1984; Perrine and Sadler 1987).

Although these studies indicated that license
action had a greater impact on traffic safety out-
comes, neither rehabilitation nor sanctions had
much affect on rearrests for DWI. In fact, sanc-
tions reduced non-alcohol-related crashes and
convictions, probably because drivers drove less,
and more cautiously, during the period when
they did not have valid driving licenses (Perrine
and Sadler 1987).

It has been recommended that educational and
intervention programs, because of their limited
impact on traffic safety, should not be used with
drunk drivers instead of license sanctions (Mann
et al. 1983). However, arresting motorists for DWI
offenses is an important means of identifying
people with alcohol use problems and, through
court diversion and supervision programs, of
promoting their participation in interventions
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that address their drinking problems directly
(NTSB  1987). It is important that DWI arrests con-
tinue to be a point of early identification and in-
tervention. In this regard, research related to the
efficacy of intervention programs and to the
development of other effective means of involv-
ing DWI offenders in treatment is needed (Sadler
and Perrine 1984). Further, research is needed in-
volving the development of programs that com-
bine the specific deterrent effects of license
sanctions with the therapeutic impact of inter-
vention programs so that both traffic safety
and rehabilitative gains are possible (Donovan
in press; Peck et al. 1985; Waller 1987).

Differentiating Among Oh/l Offenders
Although the need to consider the charac-

teristics of individual DWI offenders has been
emphasized as a means of improving the effec-
tiveness of interventions (Perrine 1987; Selzer
et al. 1977; Klajner et al. 19841,  differential inter-
vention planning for DWI offenders is virtually
nonexistent (Klajner et al. 1984). Perrine (1987)
suggested that successful differentiation among
drinking drivers could lead to (1) early identifica-
tion of potential DWI offenders, (2) more appro-
priate selection of DWI sanctions and court
intervention referrals for particular offenders,
(3) greater customization of intervention pro-
grams, (4) increased completion and compliance,
and (5) lower rates of recidivism.

Recent research has differentiated among DWI
offenders and among drinking drivers on the
basis of personality and driving-related attitudes
&stein-Kerslake  and Peck 1985, cited by Perrine
1987; Donovan and Marlatt 19821, psychopathol-
ogy (Mulligan et al. 1978; Snowden  and Campbell
1986; Sutker et al. 1980),  drinking-related vari-
ables (Snowden  et al. 1986; Wilson and Jonah
1985,1986,  cited by Perrine 1987),  and driving
and general arrest records (Wells-Parker et al.
1986; Donovan and Umlauf in press). The find-
ings of a number of these studies suggest that risk
for DWI may be correlated with heavy alcohol
consumption, a high number of arrests of various
kinds, and a general tendency toward risk-taking
behavior.

Wells-Parker et al. (1986)  found that, of of-
fenders referred to a probation and rehabilitation
demonstration program, those who had the most
DWI offenses also had the highest average num-
ber of arrests of other kinds, including public
drunkenness, license violations, equipment viola-
tions, disturbances, and assaults. These drivers
also had the highest recorded BACs.

Donovan and Umlauf’s (in press) results sug-
gest that high-risk or ‘bad” drivers who have
had many traffic infractions and arrests but no
DWI arrests may also be appropriate candidates
for early intervention. During a 3-year  followup
period, 11.4 percent of these high-risk drivers
were arrested for drunk driving compared to
2.0 percent of a sample of the general driving
population. At an initial assessment before the
3-year followup, all the high-risk drivers were
similar in demographics, personality functions
(assertiveness, depression, emotional distress,
locus of control, and sensation seeking), hostility,
and risk-enhancing driver attitudes. However,
those individuals who were later arrested for
DWI consumed a greater number of drinks per
month and were involved in more monthly
occasions during which they consumed five
or more drinks than other high-risk drivers.

These prospective findings of Donovan and
Umlauf (in press) supported earlier findings of
cross-sectional research by Wilson and Jonah
(1986, cited by Perrine 1987) who conducted
studies of drinkers who did not drive impaired,
those who drove impaired but were not detected,
and those who were convicted for DWI. Con-
victed DWI offenders had more prior accidents
and convictions, drank more alcohol per oc-
casion, and showed more symptoms of alcohol
use problems than drivers who reported not driv-
ing impaired during the previous month or
drivers who admitted driving impaired without
being detected (Wilson and Jonah 1986, cited by
Perrine 1987). Drinkers who admitted driving
while impaired reported more violations and
crashes, more alcohol consumption, and less seat
belt use and were less likely to reduce their drink-
ing at a party before driving than drinkers who
reported not driving after drinking or those who
reported driving after drinking but not when im-
paired (Wilson and Jonah 1985). The investigators
suggested that driving while impaired may be
part of a more global behavioral syndrome
typified by high-risk behaviors and irresponsible
attitudes (Wilson and Jonah 1985). As discussed
in the following section on youthful drivers,
Jonah and Dawson (1987) found evidence for the
possibility of a “risk behavior syndrome” among
young drivers (aged 16 to 241, but not among
drivers in general.

Findings of Jaccard and Turrisi (1987)  suggest
that individuals’ tendency for high-risk behavior
may interfere with their abihty  accurately to as-
sess drunkenness as measured by legal limits of
blood alcohol. College students who were
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presented with hypothetical drinking scenarios
perceived less impact of additional drinks on
BAC as more drinks were consumed and were
more likely to have this misperception for drink-
ing scenarios that were described as 3 hours long
than for those that were 1 hour long. Twice as
many people made inaccurate judgments for beer
as for mixed drinks. Further, although most sub
jects realized that having a large number of
drinks would cause them to exceed the legal
BAC, about 20 to 25 percent did not understand
the impact of a moderate number of drinks. Sub
jects who scored higher on measures of risk
taking and sensation seeking were more likely to
make errors in judgment than subjects who
scored higher on internal locus of control (the
belief that they, not external events, control their
fate). Jaccard and Turrisi (1987) suggested that in-
terventions could be developed that address the
types of cognitive errors made in assessing BAC
and to counteract personality characteristics that
increase the tendency to make such errors.

There is also evidence to indicate that in-
dividual drinking patterns may be differentially
related to accuracy in ability to estimate BAC
level and to judge whether a BAC level exceeds
the statutory limit (Beimess 1987). Although the
research literature indicates that most people’s es-
timates while drinking do follow the pattern of
their actual BAC as it rises and falls with absorp-
tion and elimination, they tend to be inaccurate in
their estimations (Beimess 1984). Beimess (1983,
cited in Beirness 1984) identified three types of
BAC estimation error (see fig. 2) based on the
direction of errors made by drinkers over a
3-hour experimental drinking session: (1) over-
estimates of BAC at almost every point in time;
(2) “typical” or “mixed” patterns of estimation
&is and Vogel-Sprott 19741, most often dis-
played by social drinkers, who overestimated
their BAC during the absorption phase and
underestimated it during the elimination phase;
and (3) underestimates of BAC at all points in
time.

Beimess (1987) found that underestimators’
reports of usual drinking behavior indicated
heavier consumption than that of the overesti-
mators or drinkers with a mixed estimation pat-
tern. Underestimators were also most likely to
rate themselves fit to drive when their actual
BAC was in excess of the statutory limit. The
author suggested that, of the three groups,
underestimators would be expected to benefit
most from BAC discrimination training, which
research (Vogel-Sprott 1975) has shown to reduce

FIGURE 2. Actual and estimated blood alcohol concenlra-
Con for an ‘overestimator,’ a ‘mixecP  estimator, and an
Wderestimator.’
SOURCE: Beimess 1984.

errors in BAC estimation and to enhance caution
and concern about impairment after alcohol con-
sumption.

Taken together, the findings of these studies
suggest that interventions for drivers at greatest
risk of DWI should address a propensity for risky
behavior and problems in estimating BAC as well
as heavy alcohol consumption. Further research
will be required to determine the impact that
these data may have on the effectiveness of early
identification and intervention efforts.

Intervening With Youthful Drivers

About 40 percent of all teenage deaths occur in
traffic crashes (NHTSA  1988),  and drivers under
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the age of 21 have the highest rates of alcohol-
involved fatal crashes (Douglass 19821.

Little research has been conducted to examine
the interrelationships among age, alcohol use,
and other factors such as personality and social
characteristics of young people who drive or
have crashes after drinking (Mayhew  et al. 1986;
Lightsey and Sweeney 1985). In one of the few
studies to examine such factors, Lightsey and
Sweeney (1985) found that youthful DWI of-
fenders, aged 15 to 24, who have a high level of
alcohol-related problems (family, psychological,
social, legal, economic, and physical1 were more
likely to drink to relax, cheer up, forget worries,
and gain courage and to drink when they were
lonely, angry, or nervous than were young
people who had low or moderate levels of
alcohol-related problems. Farrow  (1987a)  also
found that young DWI offenders were more
likely to use risky driving as a stress management
technique than were nonoffenders. In addition,
recent research has suggested that young people
at greater risk of driving after drinking use al-
cohol more frequently (Vingilis et al. 1986),  are
more likely to demonstrate normative acceptance
of DWI (Klitzner et al. 19881, and are less likely to
report parental rules and restrictions regarding
their travel (Williams et al. 1986).

Jonah (1986) has suggested that drinking and
driving is just one component of youths’ general
propensity for risk-taking and has also hypoth-
esized that risky behaviors are part of a “risk
behavior syndrome” (Jonah and Dawson 1987).
A review of evidence about risky driving be
haviors of youths (Jonah 1986) indicated that
young drivers (aged 16 to 25) are at greater risk
of being involved in a crash than older drivers
and that this greater risk is primarily a function
of younger drivers’ propensity to take risks while
driving. For example, findings of studies that con-
trolled for total distance travelled (Stewart and
Sanderson 1984; Foldvary  1975) and time of day
(Stewart and Sanderson 1984) indicated that
younger drivers are at greater risk for crashes.
Other evidence of increased risk-taking by youth-
ful drivers includes observational field studies
showing that driving speed has been found to
decrease with driver age (Koneci et al. 1976).
Further, young drivers receive more speeding
tickets per distance travelled than older drivers
(Harrington and McBride 1970),  and young male
drivers are involved in more rear-end collisions
than older drivers (Lalonde 19791.

The possibility that individuals engaging in
one risky driving behavior are likely to engage in

others has  also  been investigated (Ionah and
Dawson 1987). Research results based on self-
reports of risky driving behaviors in a household
survey in Canada did not support the notion of a
risk behavior syndrome among drivers in general,
but results did support the possibility among young
drivers (aged 16 to 241 (Jonah and Dawson 1987).

The propensity for risk-taking among young
DWI offenders has been investigated directly by
Farrow (1987b).  This assessment of decisionmak-
ing skills and attitudes about drinking and driv-
ing compared high-school-age DWI offenders,
alcohol-using juvenile offenders without DWI
citations, and nonoffenders. The responses of
DWI offenders indicated that they were more
likely than the other groups to engage in risky
driving-related behaviors. Among these risky
behaviors was a greater probability of drinking
before driving, associating social events and
dating with alcohol use, becoming angry when
questioned about driving ability, and driving fast
in response to stress. The DWI offenders were
also less likely to request assistance from parents
than to drive while intoxicated. The author sug-
gested that assessing youths for these risky be-
haviors can identify high-risk young drivers. The
study’s results also indicate that interventions
teaching young drivers the skills required to
handle or avoid risky situations may reduce
drinking and driving among this population
(Farrow 1987bl.

To date, there is no documentation that the
limited research findings about personality and
behavior characteristics of those young people
most likely to drink and drive have been applied
to early identification and intervention efforts.
For the most part, strategies that have been imple-
mented to prevent drinking and driving among
youths have targeted entire populations of young
drivers, e.g., youths in high school or college. An
increase in the legal minimum drinking age has
proved to be a successful prevention approach
and has reduced traffic crashes among young
people. Driver education programs have focused J
on teaching young people about the risks of
drinking and driving but have demonstrated
very limited success in modifying youths’ self-
reported intentions to drink and drive. For the
most part, the impact of education on actual
DWI offenses or traffic safety measures has not
been investigated. Environmental strategies such
as designated driver programs have also been
implemented but have not been systematically
evaluated. (See chapter IX for a description of
research on these prevention approaches.)
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Factors Underlying Risky Behavior

In addition to findings indicating that people
who drink and drive also engage in a variety of
other dangerous driving-related behaviors (Wells-
Parker et al. 1986; Donovan and Umlauf  in press;
Wilson and Jonah 1986, cited by Perrine 1987,
1985; Jonah and Dawson 1987; Farrow  1987b),
there also is evidence that individuals who drink
and drive also are more likely to engage in other
health-risk and problem behaviors (Bradstock et
al. 1987; Jessor 1987).

A national survey of behavioral risk factors
(Bradstock et al. 1987) found that heavy smokers
and individuals who did not use seat belts were
more likely to drink and drive than people who
did not engage in these health-risk behaviors. In-
dividuals who drank or smoked in response to
stress were more likely to drink and drive than
those who exercised in response to stress; men
who reported stress in interpersonal relationships
were also more likely to drink and drive.

Adolescent problem behaviors such as alcohol
use, smoking, use of drugs, delinquency, and
precocious sexual intercourse frequently occur
together in the same adolescents fJes.sor  and
Jessor 1977; Donovan and Jessor 1985; Donovan
et al. 1988). Jessor and Jessor 0977) have postu-
lated that these behaviors may constitute a single
behavioral syndrome with a single underlying
cause, adolescent unconventionality in both per-
sonality and social environment. Recent research
by Jessor (1987) indicated that risky driving, in-
cluding driving after drinking, is part of this
larger syndrome of adolescent problem behavior.

The tendency for clusters of risky behaviors to
be found in certain individuals has led to the
proposal that intervention must go beyond
methods to prevent specific health-risk behaviors
such as drinking or smoking. In this view, inter-
vention must also include methods to determine
and modify the predisposing, reinforcing, or ena-
bling factors that underlie these risky behaviors
(Ouellet et al. 1979; Rohsenow et al. 1985). It has
been suggested that one reason for the failure of
many programs to reduce drinking after driving
among young people is that the development of
such programs rarely takes into account the
reasons underlying this unsafe behavior
(Douglass 1982). The rationale for basing inter-
vention programs on underlying factors is that,
unless the factors are identified and addressed,
they will either recur or be replaced by other
risky behaviors (Bradstock et al. 1987).

Employee Assistance
Programs

In the United States, nearly all alcohol-related
intervention efforts in work settings are part of
EAPs aimed at a range of problems including
those that are alcohol related; currently, however,
most workplace intervention programs specifi-
cally aimed at alcohol use problems am themselves
known as EAPs. Most EAPs are based on the as-
sumption that helping employees with alcohol
use problems will reduce employee turnover and
that perhaps, with intervention, employees may
resume effective work performance (Roman 1988).

A national survey of worksite  health promo-
tion activities conducted in 1985 by the Office
of Disease Prevention and Health Promotion
(ODPHP) of the Public Health Service found that
24 percent of worksites with 50 or more workers
offered EAPs (ODPHP 1987). The probability that
an EAP was available was related to the size of
the worksite: 52 percent of worksites with 750
or more employees had EAPs, compared to
35 percent of worksites with 250 to 749 employees,
28 percent with 100 to 249, and 15 percent with
50 to 99 (ODPHP 1987). The workplace can also
be the site of programs attempting to prevent the
development of alcohol use problems among
employees (see chapter Do.

Types of Employee Assistance
Programs

EAPs have not been standardized, but Roman
(1988) has identified four types of EAPs operat-
ing in the United States: “internal” company
programs, “external” company programs, labor
union programs, and professional association
programs. The internal company program is
staffed by a company employee who accepts
referrals from supervisors as well as self-referrals,
conducts initial assessments, and refers em-
ployees to community resources for professional
counseling or treatment. In the external company
program model, which emerged during the 1970s
(Roman 1988),  companies contract with outside
agencies to provide most services. External pro-
grams vary considerably, ranging from programs
that are identical to internal programs and in-
clude a full-time program coordinator who is
an employee of the outside agency, to programs
that offer only a telephone number to call for
assistance.
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Programs in labor organizations are a third
type of EAP. A descriptive study of such a pro-
gram (Sonnenstuhl and Trite  1987) suggested
that a peer referral process is central; a continuing
process of subtle confrontation by peers is used to
encourage union members with alcohol use
problems to seek help.

A fourth type of assistance program, for mem-
bers of professions, is usually aimed at maintain-
ing standards of professional conduct. Threats to
withdraw licensure are used to pressure mem-
bers to seek assistance. This program model is
most commonly applied among physicians and
lawyers, but such programs also exist at the local
level for dentists, pharmacists, nurses, social
workers, and psychologists (Roman 1988).

At the national level, professional organiza-
tions are developing programs for their mem-
bers with alcohol use problems (Trite  and
Sonnenstuhl1988).

Identifying Workers Who Need
Assistance

In internal and external company EAPs,  the
process of identifying alcohol use problems is
based on job performance rather than on be-
havioral signs of alcohol abuse. Supervisors con-
front employees constructively, on the basis of
poor job performance, demanding improved job
performance as a condition of continued employ-
ment and offering confidential referrals for assis-
tance. Based on the assumption that not directing
attention to a person’s drinking problem will
reduce the probability that the person will take a
defensive stance or deny the problem, this ap
preach also restricts supervisors’ involvement in
the identification process to the usual supervisory
activities (Roman 1988). Research by Trite and
Beyer (1984) found that constructive confronta-
tion led to improvement in employee work per-
formance, whereas more severe forms of
discipline such as written warnings or suspen-
sions were associated with poorer performance.

Reichman  et al. (1988) have suggested that an
identification process based on work perform-
ance criteria yields only a small proportion of
workers with alcohol use problems and that these
problems tend to be more severe. They and
others (R. E. Miller et al. 1988; Miller et al. 1986)
have proposed that cooperative efforts between
EAPs and company health-promotion programs
can make it possible to identify and intervene ear-
lier. For example, company health-promotion per-
sonnel such as fitness specialists might refer

workers to an EAP; and, conversely, EAP person-
nel who have linked employees to interventions
can also refer employees to company health-
promotion activities as part of their aftercare.

Little information is available on the extent of
alcohol problems in the workplace (Roman 1988)
or the severity of drinking problems among in-
dividuals who become involved in EAPs.  Further-
more, the management goal for such programs is
to reduce absenteeism, tardiness, accidents, and
other problems that affect productivity; the effec-
tiveness of identification procedures currently
used in EAPs for reaching individuals whose
productivity is not reduced may not be important
to employers whose primary concern is job per-
formance (Roman 1988).

Although constructive confrontation is con-
sidered one element of a proposed core technol-
ogy for company programs, self-referred workers
have become a major component of these
programs (Roman 1988). A variety of explana-
tions have been suggested to account for self-
referrals (Roman 1988; Trite  and Sonnenstuhl
1988). One possibility is that self-referrals are a
response by workers to pressures about their al-
cohol use problems from significant others, in-
cluding supervisors (Schramm and DeFillippi
1975; Foote and Erfurt 1981; Smart 1974). Another
is that self-referrals reflect the increased likeli-
hood of Americans to seek assistance for personal
problems (Roman 1988). It also has been sug-
gested that a majority of self-referred individ-
uals have not yet experienced a decline in job
performance due to their drinking (Roman 19881.
However, the self-referral process and the popu-
la tion of self-referred workers have not been
studied systematically (Roman 1988; Trite  and
Sonnenstuhl1988).

An important difference between assistance
programs for professionals and other types of
EAPs may be the use of clients to identify pro-
fessionals requiring assistance. For example,
patients may complain to local medical societies
that a physician they have seen professionally
may have an alcohol use problem The degree to
which client complaints may lead to identifica-
tion of workers with alcohol use problems in
other types of EAPs is unknown (Roman 1988).

Evaluating Employee Assistance
Programs

Systematic research evaluating EAPs is very
limited (Babor et al. 1986). Progress in this area
has been deterred both by methodological
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weaknesses and by obstacles related to conduct-
ing research in an applied setting. Methodologi-
cal problems have included lack of control
groups, use of very brief followup periods, and
reliance on subjects’ self-reports (Kurtz  et al.
1984). Researchers also have been hampered by
difficulties in getting access to company records
(Walsh 19821,  as well as by poor documentation
in available records and lack of access to subjects
(Kurtz et al. 1984).

Roman (1988) identified a number of other
areas in which research is needed. These include
the social epidemiology of alcohol problems in
the workplace, the relative effectiveness of the job
performance criterion for identifying employee al-
cohol problems, assistance programs based in
labor unions, the EAP self-referral process and
population, and the effects of incorporating assist-
ance for alcohol-related problems in a broader
EAP model.

Intervention Programs
for Children of Alcoholics

As noted earlier in this chapter, compelling
evidence exists that genetics contributes to the
susceptibility for alcohol dependence, but it is
also clear that most offspring of alcohol-
dependent parents do not become dependent
themselves. To design identification and interven-
tion approaches for those children of alcoholics
who are most likely to become dependent re-
quires isolating the psychological, social, and
biological markers that specifically characterize
these individuals. Although much research has
been and is being conducted to identify these
markers, the research base currently available
does not provide enough data for developing and
implementing screening programs and interven-
tion strategies to target subgroups of the at-risk
population (Blane 1988).

In addition to having a biological risk for de-
pendence, children of alcoholics are exposed to a
variety of environmental influences that may lead
to alcohol use problems and other behavioral,
emotional, and cognitive disorders. A number of
interventions and self-help groups for children of
alcoholics have emerged to address environmen-
tal influences perceived as potentially damaging.
There have been efforts to increase the role of re-
search in the design of such activities (Children of
Alcoholics Foundation 1985; Russell et al. 1985),
but for the most part they have developed

independent of research (Blane 1988; Burk and
Sher 1988).

A more extensive research base is required to
document the extent to which children of al-
coholics suffer behavioral, emotional, or cognitive
disorders that differ in type or degree from those
of other individuals who have grown up in dys-
functional families. This information will be re
quired not only to develop suitable interventions
but also to justify committing public funds and
health resources (Blane 1988). Interventions also
should take into account the characteristics and
early experiences of members of this population
who are “resilient’‘-that is, who function suc-
cessfully-to isolate personal and environmental
variables that may moderate negative influences
of parental pathology (Heller et al. 1982). If such
variables can be found, it may be feasible to
design interventions that develop or strengthen
these factors for children who are at risk.

The lack of an appropriate data base and the
possibility of a negative effect from labeling in-
dividuals as children of alcoholics (Burk and Sher
1988) suggest the need for caution in targeting
broad-scale intervention programs at this popula-
tion. Labeling can be self-fulfilling. A classic
study by Rosenthal and Jacobson (1968)  demon-
strated that influencing teachers’ expectations
about students by labeling children as intel-
lectually “blooming” had positive effects on these
students’ performance (as measured by an intel-
ligence test) that were independent of the
students’ actual aptitude. However, labeling also
may have detrimental consequences. Although
the issue of negative labeling is relevant to early
identification of and intervention in alcohol use
problems, little research has been conducted that
directly examines this issue.

Although the deleterious effect of labeling
people as “mental patients” (Temerlin 1968) and
the negative connotations attached to the label
“alcoholic” (Cash et al. 1984; Dean and Poremba
1983) have been demonstrated, research has not
directly examined the possibility that early iden-
tification of children of alcoholics may have a
negative labeling effect (Burk and Sher 1988).
Few studies have examined the effects of the “at-
risk” label on those who are labeled (Burk and
Sher 1988). Men who were at risk for developing
heart disease and who were frequently reminded
of their risk status and given suggestions on
coping strategies reported more efforts to change
risk factors (e.g., smoking, diet) than men who
were given standard medical care (Horowitz et



al. 1980). However, it is not known whether these
findings can be generalized to children of al-
coholics (Burk and Sher 1988).

Although the data needed to develop large-
scale early intervention efforts targeted at sub-
groups of children of alcoholics are not yet
available, evidence that parental alcohol depend-
ence is a risk factor for their offspring may serve
as the basis for public information programs
(Blanc 1988). The need for such awareness
programs is documented by the results of a
recent New York State survey indicating that less
than 5 percent of the general population con-
siders children of alcoholics a group at risk (Lillis
1987). In the correct setting interventions tar-
geted at individuals also may be appropriate, for
example, discussions with offspring of alcohol-
dependent parents about their risks for future
alcohol dependence, initiated by a trusted coun-
selor or physician.

Summary
Because clinical and research interest in early

and minimal intervention is relatively recent,
data in these areas are limited. Few studies have
been conducted, but research in the United States
as well as in New Zealand, Scotland, and Sweden
has suggested that relatively simple approaches
to intervention can affect drinking patterns and
related problems Moderation training also holds
promise for nondependent drinkers experiencing
adverse consequences of alcohol (i.e., alcohol
abusers), although further research is required to
document the effectiveness of this approach for
the target population.

Because minimal approaches to early interven-
tion emphasize  self-management techniques,
there is little cost or professional involvement.
Minimal interventions consist basically of com-
binations of brief “advice” and assessment inter-
ventions, feedback and admonition sessions, and
self-help behavioral training manuals.

The need to consider the characteristics of in-
dividual DWI offenders as a means of improving
the effectiveness of interventions for this popula-
tion has been emphasized. Findings of recent
studies suggest that interventions for drivers at
greatest risk of DWI offenses should address a
general propensity for risky behavior, heavy al-
cohol consumption, and skill at estimating BAC.

Systema  tic research that documents the effec-
tiveness of treatment interventions in changing
the drinking behavior of DWI offenders is
presented. A California study suggests that

offenders who received license actions (revoca-
tion or suspension) had fewer crashes at 4-year
followup  than those who were referred to treat-
ment programs Evidence discussed in this chap
ter suggests that DWI offenders may be prone to
risk-taking behavior in general, and it may be this
tendency that is influenced by license actions. To
date, there is no documentation that the research
findings about personality and behavior charac-
teristics of youths most likely to drink and drive
have been applied to early identification and in-
tervention efforts. Most strategies have been tar-
geted to entire populations of young drivers.

The growth of EAPs, which help workers with
alcohol use problems, has continued. However,
systematic research evaluating the effectiveness
of such programs remains limited. The EAPs
operated in companies either by company
employees or by outside contractors base iden-
tification of alcohol-related problems on job per-
formance rather than on behavioral signs of
alcohol abuse. It has been pointed out, however,
that this method of identification yields only a
small proportion of workers with alcohol-related
problems, and that these problems tend to be
more severe.

The present research base does not permit
the development of large-scale intervention
programs for individuals who may be at risk for
alcohol dependence as a result of their family his-
tory. At this time, public information programs
about the risk related to parental alcohol depend-
ence appear to be an appropriate approach to
reducing risk. In the correct settings, interven-
tions targeted at individuals and initiated by a
trusted counselor or physician may also be ap
propriate.
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Introduction
Alcohol dependence is a serious disease that

affects the health and well-being of millions of
Americans. More than 1.43 million clients were
treated in 5,586 alcoholism treatment units in the
12-month period ending October 30,1987
(NIDA/NIAAA 1989). According to data from
the National Drug and Alcoholism Treatment
Unit Survey (NDATUS, NIDA/NIAAA 19891,
76.3 percent of clients were male; 71.5 percent
were white, 15.4 percent black, and 9.9 percent
Hispanic; and 55 percent were between 25 and
44 years of age. This survey also found that, as
of October 30,1987,85 percent of clients in al-
coholism treatment were receiving outpatient
care; the remaining 15 percent were being treated
in inpatient or residential settings, including
medical detoxification settings, social detoxifica-
tion units, rehabilitation/recovery programs, and
custodial/domiciliary settings.

The components of treatment include manage-
ment of alcohol withdrawal, long-term manage-
ment of alcohol dependence, and prevention of
relapse. A number of alternative treatments are
available for alcohol dependence, ranging from
pharmacologic therapy to counseling and marital
and family therapy. Frequently two or more

treatment modalities are combined in one
therapeutic approach. This chapter presents a
brief overview of currently used methods and
approaches and describes research on newer tech-
niques and ways of thinking about alcoholism
treatment.

Management
Dependence
Akohol Withdruwu/

of Alcohol

Alcohol withdrawal is the first step in the
management of alcoholism. Withdrawal is a
highly variable and individualized phenomenon
in which patients may experience none, some, or
all of three major symptom types First, autonomic
nervous hyperactivity seems to account for signs
and symptoms of restlessness, sweating, tachycar-
dia, hypertension, tremors, and similar charac-
teristics. Second, neuronal  excitation may pro-
duce seizures. Third, distorted perceptions,
sensations, or arousal may produce hallucina-
tions, delirium, and disturbed sleep. Opinions
vary on which medications should be used to
treat alcohol withdrawal and whether detoxifica-
tion should be conducted in medical or social
settings.
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Withdrawal Settings

The fact that a significant number of patients
experience no serious medical complications
during withdrawal suggests that medically
oriented inpatient detoxification may be unneces-
sary for patients who are not severely dependent
and are otherwise in good health (Diesenhaus
1982). Although the inpatient/outpatient cost
ratio was 81, detoxification was completed by
95 percent of the inpatients but by only 72 per-
cent of the outpatients (Hayashida et al. 1989).
Holloway et al. (1984)  recommended hospital
care for alcoholics who lack a reliable support
network and who have serious medical,
neurological, or psychiatric symptoms and a
history of alcohol withdrawal symptoms; others
could be suitably managed in outpatient ap-
proaches. The influence of medical (pharma-
cologic) versus social (nonpharmacologic)  with-
drawal on the acceptance of and participation in
continued treatment has not been established.

Protracted Withdrawal Syndrome

Several studies indicate that both acute and
subacute withdrawal symptoms persist for a
number of weeks. Signs and symptoms include
physiological and psychological variations such
as respiratory irregularity and unstable blood
pressure, tension, anxiety, insomnia, and
depressed mood-findings that indicate that
central nervous system (CNS)  hyperexcitability
persists long after the removal of alcohol (Ailing
et al. 1982; Begleiter and Porjesz 1979; Roelofs
1985; Roelofs and Dikkenberg 1987). This constel-
lation of symptoms has been called protracted
withdrawal syndrome, subacute withdrawal
syndrome, late withdrawal, and “intermediate-
duration organic mental disorder associated with
alcoholism” (Begleiter and Porjesz 1979; Grant et
al. 1987). It appears to be the same syndrome com-
monly described as “dry drunks” (Flaherty et al.
1955; Hunter and Salomone 1987)--thought  and
behavior patterns that may precede a relapse into
active alcoholism.

In a study of alcohol dependence and phobic
anxiety, Stockwell, Smail, et al. (1984) suggested
that panic attacks and “dry shakes” are alterna-
tive terms for the same phenomenon. This
opinion is consistent with the hypothesis (Roelofs
1985) that hyperventilation and anxiety are part
of the protracted withdrawal syndrome. De Soto
et al. (1985) found that a high level of anxiety in

the early months of abstinence decreased progres-
sively with prolonged abstinence.

During the initial period of abstinence, such
symptoms may revive a craving for alcohol and
lead to renewed drinking (Kissin 1979). The
physical dependency mechanisms that tend to
subside with abstinence can be rapidly reac-
tivated by drinking (Kissin  1979); in animal
studies, CNS hyperexcitability is readily reac-
tivated by exposure to ethanol, and the same ef-
fect is thought to occur in humans (Ailing et al.
19821.  Such findings indicate that some patients
may need to be abstinent for at least 4 to 6 weeks
following alcohol withdrawal to achieve the most
benefit from participation in a therapeutic pro-
gram (Ailing et al. 1982).

Treafment Setting and Intensity

As discussed in the Sixth Special Report to the
U.S. Congress on Alcohol and Health (USDHI-IS
1987),  most studies evaluating treatment context
have not found significant differences in outcome
among inpatient, outpatient, partial hospitaliza-
tion, and day clinic settings. Numerous other
studies have not shown differences in outcome as
a result of length of treatment.

Comparisons of this type are difficult at best
because of the considerable variation in patient
populations, treatment programs, and evaluation
methods. Continuing research into patient-
treatment matching (discussed later in this
chapter) may show which treatment contexts
and lengths are most appropriate for individual
patients.

The Minnesota Model, as described by Cook
(1988a),  is an abstinence-oriented, comprehen-
sive, multiprofessional approach to treating ad-
dictions that is based on a disease concept of
drug and alcohol dependency. This intensive pro-
gram promises recovery, but not cure, to those
who adhere to it. The program is based on a pat-
tern developed in Minnesota alcoholism treat-
ment centers in the 1940s and 1950s. Treatment
involves admission to a residential facility for 3 to
6 weeks and consists of lectures, group therapy,
and family programs. Aftercare generally in-
volves referral to AA. Elements of this model
are discussed in detail in the next section.

Claims of good outcomes for the Minnesota
Model have been supported in some studies: as
many as two-thirds of the people admitted were
abstinent or had reduced their drinking at l-year
followup  (Cook 1988b).  Studies have been
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criticized on methodological grounds, however,
because of lack of comparability among treat-
ment groups, attrition, short followups, and un-
clear outcome criteria (Cook 1988bl.

Components of
Treatment
Psycbofherupy  and Counseling
Individual and Group Therapy

Psychotherapy and counseling are traditional
components of many alcoholism treatment
programs. However, there is little systematic
evidence about the effectiveness of counseling
alone. Individual psychotherapy is seldom used
alone with alcoholic patients but is usually com-
bined with other approaches such as education
about alcohol dependence, referral to AA, family
intervention, and pharmacologic therapy. Group
psychotherapy is a widespread and popular ap-
proach in alcoholism treatment; it is also used in
conjunction with AA, pharmacologic therapy,
vocational rehabilitation, and other methods.

Counseling often includes a confrontational
focus, based on the rationale that alcoholics must
be confronted with the reality of their problem
before behavior change can take place. Hostile
confrontations, however, may be associated with
negative outcomes in changing behavior, especial-
ly for alcoholics with low self-esteem (Miller
1983; Annis  and Chan 1983).

Brief versus extended counseling for alcoholics
has been investigated. In a controlled study com-
paring one session of advice with extended in-
patient or outpatient treatment, members of the
group receiving extended treatment were found
to have fewer alcohol-related problems 2 years
later, although abstinence was not more common
in this group (Chick et al. 19881.

Counselor behaviors and attitudes may play a
critical role in the outcome of counseling; as
noted in the Sixth  Spe&zZ  Report, counselors differ
in their abilities to keep patients in treatment, and
their own personal characteristics may affect
patient outcome. Research in this area is still
sparse. One study found that counselors who
were recovered alcoholics and older than their
patients were rated more empathetic and effec-
tive by patients than those who were not re-
covered alcoholics (Lawson 1982); however, a
study by Kirk et al. (19861  found that a coun-
selor’s history of drinking and rehabilitation did

not enhance the alcoholics’ perception of coun-
selor empathy.

Group therapy has long been an essential com-
ponent of alcoholism treatment programs and is
often used in inpatient settings. Telch et al. (1984)
found that supportive group therapy in an out-
patient setting was significantly more effective in
reducing reported daily drinking than group
administered covert sensitization or relaxation
therapy, although no significant differences were
found among the treatments on measures of
blood alcohol concentration (BAC)  or subjects’
ratings of frequency of urges to drink. Oei and
Jackson (19841  reported, in a controlled study,
that using cognitive techniques in group therapy,
such as reinforcing positive self-statements and
relevant self-disclosures by therapists, helped
maintain decreased alcohol consumption. A con-
trolled study of self-help large-group therapy,
with senior patients assuming leadership roles,
found that this approach produced retention and
visit rates equal to those of conventional clinic
treatment based on small-group therapy
(Galanter 19841.  The program could be operated
with half the usual counseling staff and was more
effective than conventional treatment in getting
inpatients to participate in subsequent outpatient
care.

Individual and group psychotherapeutic ap
proaches  form the basis for the treatment model
used in most alcoholism treatment programs.
The goal of these rehabilitation programs is
to help people with alcohol and other drug
dependencies achieve abstinence and improve
their lifestyles.

Family and Marital Therapy
In the past few years there has been increasing

interest in family factors that maintain addictive
behaviors and in the role of the family in initiat-
ing and maintaining changes in these behaviors.
Family and marital problems may contribute to
the original development of problem drinking,
but such problems also develop as a result of the
drinking and then contribute to its maintenance
(McCrady  19861. Alcohol intoxication may
facilitate the expression of certain family interac-
tions while inhibiting others; these changes in
relationships may serve as temporary solutions to
chronic family problems and thus may stabilize
the family system (Jacob  and Leonard 19881.  For
example, Jacob and Leonard (1988)  found that
problem solving was more frequent among some
alcoholics and their spouses during drinking
episodes, a style of interaction that could have
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reinforcement value for the marriage that in turn
reinforces continued drinking.

A number of studies have found moderately
better outcomes for spouse-involved treatment
for alcoholics when compared to individually
focused approaches. O’Farrell et al. (1985) com-
pared behavioral couples therapy (behavioral re-
hearsal and homework assignments> and
interactional couples therapy (mutual support
and verbal insight) for alcoholics who were also
receiving traditional outpatient alcoholism treat-
ment. In terms of improved marital satisfaction
and reduced number of drinking days, couples in
behavioral therapy had better outcomes immedi-
ately after treatment. McCrady and colleagues
(McCrady,  Noel, et al. 19861 compared three
groups of alcohol-dependent individuals who
received broad-spectrum behavior therapy. One
group received behavioral marital therapy; the
second group received couples therapy focused
only on drinking; and the third group received in-
dividual therapy with minimal spouse involve-
ment. Couples receiving the behavioral marital
therapy had better outcomes in terms of drinking,
marital satisfaction and stability, and well-being
18 months after treatment.

Zweben et al. (1988)  studied 116 couples in
which one spouse was alcoholic. The couples,
who were socially stable with a moderate degree
of alcohol-related difficulties and relatively non-
distressed marital relationships, received either a
single session of advice counseling or eight ses-
sions of conjoint therapy. Couples in both groups
showed significant improvement on all marital
adjustment and drinking-related outcome meas-
ures, but there were no significant group differ-
ences in change pattern on the principal drinking
outcome measure, the percentage of heavy
drinking days.

Unmotivated alcoholics may reduce their
drinking and initiate treatment when concerned
family members are counseled in the use of ap
propriate procedures to reinforce reduced drink-
ing. Sisson and Azrin  (1986) conducted a study in
which 12 nonalcoholic females seeking assistance
because a family member was alcoholic were
given either community-reinforcement counsel-
ing or a traditional type of counseling. In the
community-reinforcement group, subjects re-
ceived training in such areas as problem aware
ness, motivating change, and management of
dangerous situations. The control group received
traditional education, counseling, and referral to
Al-Anon only. More alcoholic relatives of rein-
forcement group members sought formal treatment

than did alcoholic relatives of the control group
members. Furthermore, when they began treat-
ment, the alcoholic relatives of reinforcement
group members had already begun to reduce
their drinking. Drinking was further reduced
during the joint treatment of the family members
and their alcoholic relatives.

Social Skills Training
Social skills training ‘typically focuses on effec-

tive communication skills, assertiveness, and
resistance to peer pressure. Oei and Jackson
(1980)  found that group training in social skills
produced significantly faster improvement in so-
cial skills than individual training, and equivalent
reduction in alcohol consumption. They also
found that both group and individual social skills
training produced a significantly larger reduction
in alcohol consumption than traditional suppor-
tive therapy. Jones et al. (1982)  studied three
groups of inpatient alcoholics randomly assigned
to different treatments. One group received social
skills training-that is, they rehearsed their
coping responses to events that might precipitate
relapse. The second group only discussed the
events without rehearsing their responses. The
control group did neither. Outcomes in both the
skills training and the discussion groups were su-
perior to those in the control group but did
not differ from each other.

In a l-year followup  study comparing the addi-
tion of social skills training to a traditional in-
patient treatment program to the traditional
program alone, Eriksen  et al. (1986)  found that
those in the social skills group drank a third less
than did those in the control group, which
received no social skills training, and had twice
as many sober days and working days. However,
during drinking days the social skills group
drank almost twice as much as the control group.
The average length of abstinence after discharge
was more than 51 days for the social skills group
and slightly more than 8 days for the control
group.

Alcoholics Anonymous

Alcoholics Anonymous (AA), an important
component of alcoholism rehabilitation efforts,
plays a central role in many therapeutic
programs, providing support for both alcoholics
and for their families through the AI-Anon and
Alateen  programs. According to the most recent
AA membership survey (AA World Services
1987),  there are more than 73,000 groups
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throughout the world. Most members are
referred to AA by other M members and by
rehabilitation and counseling programs. The
average member who completed the survey at-
tends four meetings a week, and 60 percent have
had prior counseling. Of the members, 66 per-
cent are men and the predominant ages are 31
through 50. According to the survey, 29 percent
have been sober more than 5 years, 38 percent
have been sober 1 to 5 years, and 33 percent have
been sober less than a year. The average length of
sobriety among members surveyed is 52 months.

As noted in the Sixth  Special  Repot?,  the effec-
tiveness of M has not been scientifically docu-
mented and methodological problems make such
an evaluation difficult. In a comparison of drink-
ing outcomes of inpatient alcoholics based on
overall degree of M attendance, however,
Thurstin et al. (1987) found a higher percentage
of abstinence for AA attenders, but only at
18 months after discharge. M attenders indicated
fewer drinking days during the first 6 months
and fewer days drunk at 18 months. Of those sub-
jects attending M for the entire l&month study
period, 50 percent reported total abstinence. The
investigators suggested that AA could be par-
ticularly valuable as a means of aftercare.

Other studies have found a positive associa-
tion between M attendance and abstinence
(Hoffman et al. 1983; Alford  1980; Sheeren  1987),
and some have suggested that M involvement
is more useful than clinical treatment in maintain-
ing abstinence (Fry 1985; Sheeren  1987). In a
review of studies of drinking outcome rates from
evaluations of professional treatment that used
methodology similar to that employed in studies
of AA, Emrick (1987) found that M is more often
associated with maintaining total abstinence than
is professional treatment; professional treatment
is more often associated with alcoholics’ reducing
their drinking without becoming totally absti-
nent. However, alcoholdependent individuals
who want only to reduce their drinking probably
would not join M in the first place (Emrick  1987).

In a study of Navy enlisted men who com-
pleted treatment in alcohol rehabilitation
facilities, Kolb et al. (1981)  found a strong associa-
tion between abstinence and AA attendance for
both younger and older men. Younger men, how-
ever, were less accepting of the M approach and
apparently did not consider themselves alcohol
dependent.

Boscarino (1980)  reported that alcoholics who
are more seriously impaired when they come to
AA make less stable members. Those who are

younger, male, and of lower socioeconomic
status tend to have more “slips,” shorter par-
ticipation, and less involvement in AA activities.
Ogbome and Glaser (1981) pointed out that AA
is likely to be effective for that specific subgroup
of alcoholics who have lost control over their
drinking and believe they are powerless; these
individuals are likely to find a highly structured
group with clear-cut precepts such as AA
effective.

Some studies have found that individuals with
greater dependence on alcohol are less likely to
relapse after they stop drinking (Litman  et al.
1979; Edwards et al. 1987; Taylor et al. 1986).
These studies showed that high dependence with
AA attendance is related to abstinence and good
health, and that high dependence with low AA in-
volvement is related to high drinking levels and
poor health. Edwards et al. (1987)  studied factors
that patients believed were important in helping
them deal with their drinking and found sig-
nificant differences between the l-year followup,
in which patients reported AA as less helpful,
and the IO-year followup, in which AA was
reported positively.

The Edwards et al. (1987) study found through
factor analysis an “active” factor positively corre-
lated with M involvement and attendance. The
active factor is similar to the finding of Maton
(1988) in his study of self-help groups: Bidirec-
tional supporters (those who both receive and
provide a lot of support) reported  greater well-
being and group appraisal than receivers,
providers, and low supporters. These findings
appear to support the findings of Beckman (1980)
and Giannetti (1981) that a central dimension of
the M approach is the acceptance of respon-
sibility for one’s own behavior leading to
recovery, a concept similar to the active factor.
These studies do not support the “enlightenment
model” concept (Brickman et al. 1982; Hill 1985)
in which people are blamed for causing their
problems but are not believed to be responsible
for solving them.

In a review of empirical studies on AA, Emrick
(1987) reported that of those alcoholics who be-
come long-term, active M members, about 40 to
50 percent have several years of total abstinence
and about 60 to 68 percent improve to some ex-
tent, drinking less or not at all during their par-
ticipation. Those who combine M with other
forms of treatment seem to do as well as or better
than those who only go to AA. Alford  (1980)
studied the effectiveness of certain AA concepts
in a treatment context. The group included
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56 alcoholic patients in an AA-oriented inpatient
treatment setting. At 6 months, 58 percent were
abstinent. However, this study addressed AA
concepts as applied in a treatment setting, and
not the fellowship of AA.

Phurmucologic  Treafment

In the past decade, research into the pharma-
cologic treatment of alcoholism has become in-
creasingly active, and a majority of physicians in
private practice are reported to prescribe phar-
macologic agents for the treatment of alcoholism
(Sellers et al. 1981). Four types of pharmacologic
agents have been used in treatment for alcohol
dependence: agents that manage withdrawal;
agents that foster sobriety in dependent in-
dividuals; agents that decrease drinking by treat-
ing associated psychiatric pathology; and agents
that attenuate problem drinking behavior itself.
Pharmacologic agents alone, however, are un-
likely to be effective in producing long-lasting
reduction in drinking behavior, and they should
be considered adjuncts to existing treatment
strategies.

Agents That Manage Withdrawal
For more than two decades the benzo-

diazepines (such as Librium and Valium,
among others) have been considered the best
medications for alcohol withdrawal. These agents
are effective in managing the major and minor
features of the withdrawal syndrome, including
seizures and hypertension, and in preventing
delirium tremens. Before the introduction of hen-
zodiazepines, delirium tremens was relatively
common during withdrawal, but now this life-
threatening condition is rare. Both the long-acting
benzodiazepines, chlordiazepoxide (Libriuml
and diazepam (Valium), and the shorter-
acting benzodiazepines, oxazepam (Serax)  and
lorazepam (Ativan),  are considered the drugs of
choice (Liskow and Goodwin 1987).

Physicians traditionally have used benzo-
diazepines by administering decreasing doses
over the period of alcohol withdrawal.
Rosenbloom (1988)  recommends this approach,
suggesting the use of intermediate half-life ben-
zodiazepines (such as lorazepam), or even
shorter half-life drugs (such as midazolam).
These drugs do not linger in the system and thus
allow doses to be easily titrated to the patient’s
response. Sellers et al. (1983),  however, intro-
duced a different approach that involves loading
doses of diazepam, which itself has a long-life

and produces a psychoactive metabolite (des-
methyldiazepam)  with an even longer half-life.
Loading doses are administered as needed every
1 to 2 hours only at the beginning of treatment.
This strategy simplifies treatment and eliminates
possible reinforcement of drug-seeking behavior
in patients who otherwise might receive addi-
tional medication for relief of symptoms.

Other agents with known effects on adrenergic
systems have been used in the treatment of al-
cohol withdrawal. Clonidine, a centrally active
alpha-2-adrenergic agonist used in the treatment
of hypertension, has been reported to reduce
some symptoms of withdrawal in rando-
double-blind controlled studies (Liskow and
Goodwin 1987). Part of the interest in clonidine
treatment of alcohol withdrawal arises from its
demonstrated success in the treatment of opioid
withdrawal and from the similarity of some
neurochemical changes in opioid and alcohol
abstinence. Tremor and the cardiovascular
symptoms of tachycardia and hypertension have
been found to be alleviated by clonidine; how-
ever, there is much less agreement about its ef-
fects on other symptoms.

Past research (Sellers et al. 1977) in which the
beta adrenergic blocker propranolol was ad-
ministered alone suggested some benefit from
such compounds. More recently another beta
blocker, atenolol, was found to attenuate alcohol
withdrawal symptoms and lead to faster
recovery when given in combination with the
benzodiazepine  oxazepam (Kraus  et al. 1985).
Beta blockers may be effective because they
counteract hyperadrenergic withdrawal
symptoms such as tachycardia and hypertension.
Both the beta and alpha adrenergic agents, how-
ever, have little apparent value in treating the
very serious symptoms of seizures and delirium
frequently seen with alcohol withdrawal. There-
fore, treatment should include a combination of
these agents with an effective anticonvulsant.

Several other agents with potential value in the
treatment of withdrawal are in the early stages of
evaluation. These include calcium channel block-
ers (Koppi  et al. 1983,  anticonvulsants such as
carbamazepine and valproate (Linnoila et al.
1987; Roy-Byrne 19881, and non-benzodiazepine
sedative hypnotics such as chlormethiazole
(Robinson et al. 1989).

Agents That Foster Sobriety
Disulfiram (Antabuse)  has been widely used

since the 1950s as an aversive medication to treat
alcohol dependence. Disulfiram inhibits the
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enzyme aldehyde dehydrogenase (ALDH), one of
the major alcohol-metabolizing enzymes, causing
increases in blood acetaldehyde levels after al-
cohol is consumed. This results in a toxic
physiological response which tends to foster
sobriety. Many of the complexities surrounding
the therapeutic use of disulfiram were addressed
in the Sixth Special  Report.  A welldesigned, con-
trolled, randomized study (Fuller et al. 1986)
found that disulfiram reduced the frequency of
drinking in a substantial proportion of men who
did not remain abstinent but that it did not con-
tribute to sustained abstinence, relapse delay, or
other indicators of social stability any more than
counseling alone. In this study, however, use of
disulfiram was unsupervised. Sereny et al. (1986)
reported that significant periods of sobriety up to
12 months were achieved in 60 percent of
patients who participated in a supervised disul-
firam therapy program in a clinic three times a
week as a condition of their remaining connected
to the clinic. The investigators concluded that this
supervised approach warrants more extensive
investigation.

As with any other pharmacologic approach,
the efficacy of disulfiram may be reduced by poor
compliance. Kofoed (1987)  found that disulfiram
compliance could be increased by the clinical use
of chemical monitoring data obtained through a
breathalyzer technique. In this study, however, in-
creased disulfiram compliance did not correlate
with other aspects of treatment compliance or ef-
fectiveness as measured by duration of outpatient
treatment and scores in the drinking behavior
interview.

Calcium carbimide (Temposil, Abstem) has
received increasing attention for use as an
ethanol-sensitizing agent, although it is not avail-
able in the United States. It inhibits ALDH for ap
proximately 24 hours and could theoretically be
used as needed by alcoholics in situations where
they would be likely to drink (Peachey and Annis
1985). Unlike disulfiram, calcium carbimide does
not block dopamine beta hydroxylase, a key en-
zyme in the production of adrenaline and
noradrenaline, and has fewer adverse side effects
(Peachey and Annis  1984). As with disulfiram,
however, concern has been raised about ik pos-
sible toxic effects on the liver after prolonged use
(Vazquez et al. 1983). In a randomized, double-
blind, placebo-controlled study of calcium car-
bimide (Peachey et al. 1989) all of 69 analyzable
subjects who completed the study were abstinent
at least 85 percent of the time, and 40 were
alcohol free during the study. Symptoms and

adverse reactions with calcium carbimide were
not greater than those reported with the placebo.
A significant proportion of the patients believed
they were receiving calcium carbimide during the
study, suggesting that calcium carbimide exerts a
strong psychological deterrent effect. However,
there was no evidence of a pharmacologic effect
of calcium carbimide on drinking behavior; com-
pared to pretreatment levels, alcohol consump
tion was significantly reduced equally with both
calcium carbimide and placebo (Peachey et al.
1989).

Nitrefazole, now being tested in Europe, is
similar to disulfiram in inhibiting ALDH for long
periods and is effective within an hour of ad-
ministration (Liskow and Goodwin 1987).

In summary, disulfiram may be of value in
helping some alcoholics abstain, probably be-
cause alcoholics fear ik aversive consequences;
research suggests that it may be more effective if
given in a supervised setting. Calcium carbimide
may be an effective aversive agent, although con-
trolled studies are needed to assess ik value and
safety. Nitrefazole may be of value as an aversive
drug for up to 3 days after a single dose
(Stockwell, Sutherland, and Edwards 1984) but
has yet to be evaluated extensively.

Agents That Attenuate Drinking
Behavior

The discovery and evaluation of pharmaco-
logic agents  that may reduce alcohol craving and
drinking depend on the ability of research to pro-
vide a better understanding of the complex
neurobehavioral and neurobiological factors that
regulate alcohol intake. Several neurotransmitters
and neurohormones have been implicated in the
acquisition, maintenance, and cessation of alcohol
consumption. Continued research on the mechan-
isms underlying these behaviors may yield mom
clinically useful pharmacologic txeatmenk.

A number of compounds with specific effects
on brain neurotransmitters have been found to
reduce alcohol consumption in experimental
animals. The opioid antagonists naloxone and
naltrexone have been shown to reduce alcohol
consumption in rodents and primates (see chap
ter IV). Naloxone has also been reported to
reduce alcohol-induced respiratory depression,
but clinical evaluation of opioid antagonists for al-
cohol dependency has not occurred. There has
been some interesting research on the possible
use of pharmacologic agents that are specific to
dopamine in reducing drinking. Dopamine has
been implicated in several behavioral effects of
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alcohol, particularly its reinforcing effects (see
chapter IV). Bromocriptine, a dopamine agonist,
has been reported to be superior to placebos in
reducing drinking and craving for alcohol in
severely dependent individuals (Borg 1983).

Recently, very promising basic neuroscience re-
search has generated considerable interest in
GABA-benzodiazepine  systems (see chapter IV)
and the treatment potential of compounds
specific to these systems. Ro15-4513, an ex-
perimental agent that specifically interacts with
GABA-benzodiazepine  receptors in the brain has
been shown to reduce alcohol intoxication and
anxiolytic effects of alcohol (Suzdak et al. 1986) as
well as alcohol consumption in experimental
animals (McBride et al. 19881. Because of known
intrinsic properties and unknown toxicity, this
compound has not been considered for possible
use in the treatment of alcohol dependency.

The most promising group of pharmacological
agents in reducing alcohol consumption is the
serotonin uptake inhibitors. These agents reduce
m-uptake of the serotonin by neurons and
thereby increase the activity of this important
neurotransmitter. Several of these compounds
have been shown to reduce alcohol consumption.
in experimental animals (see Naranjo, Sellers, and
Lawrin 1986 for review) and more recently have
been evaluated clinically. Fluvoxamine,
fluoxetine, and citalopram have been found to
reduce alcohol consumption in nondependent
problem drinkers (Naranjo, Sellers, and Lawrin
1986). These compounds have been considered
promising because unlike some serotonin uptake
inhibitors (e.g., zimelidinel  they seem relatively
safe with few side effects.

Another promising agent in reducing alcohol
consumption is buspirone, a relatively new non-
benzodiazepine anxiolytic. It has been shown to
reduce alcohol consumption in monkeys (Collins
and Myers 1987).  Preliminary clinical studies sug-
gest that this compound may modify craving par-
ticularly in alcohol-dependent individuals who
also have high levels of anxiety. This agent has
several advantages over beruodiazepine
anxiolytics in having minimal interaction with al-
cohol, very low abuse potential, and no risk of
physical dependence. As with the previous group
of agents, it is believed that the therapeutic action
of buspirone is due in part to its ability to block
serotonin uptake.

Considerable further basic and clinical re-
search is needed on all of these pharmacologic
agents to determine the mechanisms that are the
basis of their therapeutic effect, the clinical

populations for which they may be appropriate,
and the possible complications that render them
inappropriate. The role that they will play in the
treatment of alcohol dependency will of course
rest on these findings; however, they offer the
prospect of a valuable component to supplemen-
tal nonpharmacologic treatment of the disease.

Aversion Therapy

Aversion therapy is based on conditioning
theory that postulates that the sight, smell, and
taste of alcohol will acquire aversive properties if
repeatedly paired with noxious stimuli. Nathan
(1985) pointed out that the success rates in chemi-
cal aversion therapy programs can be attributed
to the likelihood that the alcoholics undergoing
this therapy enter treatment with better prog-
noses than those who enter other kinds of treat-
ment. They are a largely homogeneous group of
well-motivated, well-educated, relatively stable
people with the financial resources for the pro-
gram. Furthermore, because these treatment
programs often involve nonaversive forms of
treatment as well, and because many studies of
treatment effects have been uncontrolled, the con-
tribution of chemical aversion alone cannot be
rigidly evaluated (Nathan 1985; Wilson 1987).
Other considerations in chemical aversion
therapy include safety, intrusiveness, accept-
ability, availability of alternative methods, and
economy (Wilson 1987).

A type of aversion therapy called covert sen-
sitization involves the use of verbal suggestion to
associate imagined drinking with unpleasant ex-
periences such as nausea. In one study of this
technique (Elkins  19801,  imaginary drinking
scenes emphasizing motivational, sensory, and
behavioral concomitants of alcohol ingestion
were paired with nausea induced by verbal sug-
gestion in 57 subjects. Of these, 24 developed
some degree of conditioned nausea. Mean total
abstinence after discharge for these 24 condi-
tioned subjects  was more than 13 months, sig-
nificantly longer than for others in the study.
When their drinking status was assessed, the con-
ditioned subjects were mostly in the abstinent
and normaldrinking categories, whereas noncon-
ditioned subjects were generally excessive
drinkers.

Miller and Dougher  (in press) assigned 29 out-
patients with a history of problem drinking and
alcohol dependence to one of three covert sen-
sitization conditions in which the stimuli in aver-
sion scenes were varied. Group 1 were exposed to
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scenes of nausea and vomiting induced by drink-
ing; group 2, to similar scenes assisted by noxious
odors; and group 3, to scenes of disturbing poten-
tial consequences of drinking (“anxiety condition-
ing”). At 18 months’ followup, abstinent,
controlled, or improved outcomes were observed
in 45,56,  and 67 percent of the subjects in the
three groups respectively, although the treat-
ments did not differ significantly in effectiveness.
Current research is inadequate to evaluate the
potential role of covert sensitization in alcoholism
therapy because most studies have not been con-
ducted under controlled conditions. However,
covert sensitization may eventually be a useful
addition to broader treatment strategies.

Relapse Prevention

Relapse prevention is a behavioral approach
that has received increasing research attention.
This approach emphasizes the importance of en-
vironmental cues in relapse and helps people
develop a set of coping strategies to deal with
situations that present a high risk for drinking.
Relapse prevention focuses on maintaining
changes in drinking behavior over time in a
natural environment. Critical to this approach
is the alcoholic’s developing a strong sense of
personal confidence or self-efficacy in coping
with drinking situations. Further, in the event
that the alcoholic should take a drink, this be-
havior itself would not necessarily lead to a full-
blown relapse (Annis and Davis 1988).

A model of relapse proposed by Marlatt (19851
suggests that any drinking episode can be
analyzed according to five major variables:
(1) exposure to situations that hold high risk for
drinking; (2) use or nonuse  of successful coping
responses in these situations; (3) enhanced self-
efficacy for coping or reduced self-efficacy for
noncoping; (4) expectancies about the effects of
alcohol in the situation; and (5) the abstinence
violation effect-the alcoholic’s cognitive and
emotional reaction to the ingesting of alcohol.

As part of an inpatient treatment program,
Chaney et al. (1978) studied how training in
coping skills affected relapse. They found that the
relapse prevention group (those patients who
received the coping skills training1 had a longer
period of abstinence than others, but they found
no differences in absolute abstinence or percent-
age of subjects that did not relapse at all. There
were significant differences in favor of the relapse
prevention group for decreased duration and
severity of drinking however.

Litman  (1986)  and Litman  et al. (1984)
demonstrated a direct relationship between the
alcoholic’s perception of self-efficacy in coping be-
haviors and subsequent outcome. Alcoholics who
relapsed 6 to 15 months after hospital treatment
perceived more situations as risk factors for
relapse and felt that they had less control over
their own unpleasant emotional states and were
more vulnerable to external events. They did not
believe their coping behaviors were effective and
did not see relationships between the situations
they perceived to be dangerous and their own
ability to deal with them. Those who did not
relapse during this period perceived both posi-
tive thinking and avoidance as effective coping
behaviors and perceived fewer situations as
dangerous to their continued abstinence. As
they continued to abstain, they tended to use
avoidance less and positive thinking more. The
more they experienced their coping behaviors
as effective, the less they perceived situations
as dangerous.

In an alcoholism treatment program, Annis
and Davis (1988)  implemented a trial of relapse
prevention that emphasized coping techniques
in 41 clients who were followed up at 3 and
6 months after being discharged from treatment.
In addition to marked decreases in alcohol con-
sumption and substantially improved ratings of
self-efficacy, most clients reported improvement
in a wide range of areas of personal and social
functioning. From a mean of 46 drinks a week at
intake, the average reported consumption had
decreased to fewer than two drinks a week at
3 months and to fewer than six drinks a week at
6 months. After 3 months, 47 percent reported
total abstinence, and after 6 months, 29 percent.

A related approach, cue exposure with
response prevention, is based on research show-
ing that alcoholics with the greatest degrees of
alcohol dependence also show the strongest
conditioning to alcohol cues. Drinking occurs in
response to physical cues commonly associated
with drinking, to negative and positive emotional
states, and to small doses of alcohol (Niaura  et al.
1988; Rankin  1986). These observations have led
to a treatment in which alcoholics are repeatedly
exposed to both alcohol and alcohol-associated
cues but are prevented from drinking in
response. After a series of exposures and preven-
tions, the conditioned response to alcohol is ex-
pected to be extinguished, with the result that
one drink may no longer lead to impaired con-
trol. Using this approach with a small “priming’
dose of alcohol, Rankin et al. (1983) demonstrated
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a significant decrease in craving. Although this
approach appears promising its relationship
to treatment outcome has not yet been
demonstrated.

Psychiatric Disorders
Among Alcoholics in
Treatment

The presence of psychiatric disorders in al-
coholics may have important implications for
therapeutic approaches and clinical management
as well as eventual outcome. Furthermore,
neuropsychological impairments that have
been found in chronic alcoholics suggest that
alcoholics’ cognitive deficits may render some
types of therapeutic formats less effective, espe-
cially early in the treatment process.

A survey evaluating the lifetime and current
prevalence of mental disorders in patients seek-
ing assistance for alcohol and other drug
problems found that 78 percent had a history of
psychiatric disorder in addition to substance
abuse and 65 percent had a current mental disor-
der (Ross et al. 1988). In this study, patients who
abused both alcohol and other drugs were the
most psychiatrically impaired. In a population
study of 20,ooO  people, psychiatric diagnoses
were more likely to occur in alcoholics than in
nonalcoholics, and associations were particularly
strong for alcoholism and antisocial personality
disorder, other substance abuse, and mania
(Helzer  and Pryzbeck  1988).

Persistent heavy drinking also may be as-
sociated with symptoms of anxiety, depression,
confusion, or psychosis (Schuckit 1986). Transient
psychiatric symptoms may be less common
forms of withdrawal symptoms and must not be
confused with other disorders (Blankfield 1986).
Thus it is important to discriminate between
symptoms and syndromes to determine if the
psychopathology is part of a non-alcohol-related
psychiatric disorder or if it is part of a transient
state of alcohol withdrawal.

As noted in the Sixth Special Report, several
studies have shown that patients with severe
psychiatric problems do poorly regardless of the
type of treatment they receive, whereas those
with less severe psychiatric problems may im-
prove in many types of treatment programs.
Rounsaville et al. (1987)  recently studied psycho-
pathology as a predictor of treatment outcome in
266 alcoholics, again finding that coexistent

psychiatric diagnoses such as major depression
or antisocial personality generally predicted
poorer outcome among males. Among women,
however, having a major depression was asso-
ciated with a better outcome in drinking-related
measures, whereas antisocial personality and
drug abuse were associated with a poorer prog-
nosis, suggesting that the posttreatment course in
male and female alcoholics may be influenced by
different factors.

Alcoholism and major depression appear to be
independent entities, but symptoms of depres-
sion may develop during the course of al-
coholism, and some patients with affective
disorders may drink more when they are ill
(Schuckit 1986). Substance abuse also may in-
crease the intensity of symptoms of preexisting
primary psychiatric disorders (Schuckit and
Monteiro 1988). However, research studies indi-
cate that 70 to 80 percent of patients with severe
depression do not increase their drinking, and
that only 5 to 10 percent of patients with primary
major depressive disorders actually develop
secondary alcoholism (Schuckit and Monteiro
1988).

Although some of the same symptoms may be
present in both alcoholism and major depression,
variations in the course and treatment of the two
disorders make it important to differentiate be-
tween primary depression and transient depres-
sive symptoms in alcoholism (Dorus et al. 1987).
In a study of male primary alcoholics with no
preexisting depressive disorders, Brown and
Schuckit (1988) found that during the first week
of abstinence more than 40 percent had depres-
sive symptoms comparable to those seen in
patients hospitalized for primary depression. For
the majority, however, depressive symptoms
remitted by the second week of treatment and
continued to decrease during 3 to 4 weeks of
abstinence. After 3 weeks of abstinence, depres-
sion is uncommon. If it does persist, however,
specific interventions may be required (Brown
and Schuckit 1988).

Dorus et al. (1987) examined depressive
symptoms in 50 inpatient alcoholics and found
major depression in 16 of them (32 percent).
Depressive symptoms decreased markedly as
patients progressed from active drinking to
abstinence; the highest level of depression oc-
curred during active drinking before onset of any
significant withdrawal symptoms. Symptoms of
depression decreased during withdrawal and
were least severe during abstinence. By day 10 of
abstinence, the unstable mood and cognitive
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FIGURE 1. Severity of symptoms (mean scores on the Global
Severity index of the SCL-90-R) for subjects grouped by sex
and length of abstinence.
SOURCE: De  Soto et al. 1985. Copyright 1985 by the Re-
search Society on Akoholiim.

impairment characteristic of active drinking had
resolved.

Many studies have reported high levels of
anxiety among alcoholics, especially during the
first several weeks of abstinence, but additional
data indicate that these symptoms are likely to
decrease with continued abstinence and are not
an independent anxiety disorder (Schuckit and
Monteiro 1988). De Soto et al. (19851,  in a cross-
sectional study, found that symptomatology
among alcoholics of both sexes was high in the
initial 6 months of abstinence, with levels of dis-
tress diminishing over time (see fig. 1). Distress
was greatest on three symptom dimensions:
depression, obsessive-compulsive, and inter-
personal sensitivity. A followup  study of the
same subjects (De Soto et al. 1989) also found
symptomatology among abstinent alcoholics to
decrease over time, suggesting a recovery process.

In a recent study of anxiety symptoms among
171 primary alcoholic men, Schuckit et al. (in
press) found that almost all reported at least one
symptom of anxiety during drinking or
withdrawal, including palpitations or shortness
of breath. A few experienced panic attacks during
heavy drinking or withdrawal, although no such
attacks occurred before the onset of heavy drink-
ing or during protracted abstinence. The inves-
tigators concluded that there did not appear to
be an elevated incidence of either panic disorder
or generalized anxiety independent of heavy
drinking.

Most alcoholics entering treatment do not have
decreased overall intelligence scores, but upon
neuropsychological testing approximately 45 to
70 percent of these patients have specific deficits

in problem solving abstract thinking, concept
shifting, psychomotor performance, and difficult
memory tasks (Parsons and Leber 1981; Eckhardt
and Martin 1986; Tabakoff and Petersen 1988).
Pronounced neuropsychological impairment is
also often evident in alcoholics who have stopped
drinking, although it generally becomes less
pronounced as the length of abstinence increases
(Goldman 1986). Several studies have indicated
that alcoholics have impaired ability to learn the
infonna tional con tent presented in a treatment
program for up to a month after they have
stopped drinking (Goldman 1986; Becker and
Jaffe 1984; McCrady  and Smith 1986). Cognitive
impairments should therefore be taken into ac-
count in treatment programs for alcoholics, and
such treatment programs may need to be
modified to enhance cognitive recovery
(Goldman 1987). For further discussion of this
topic, see the Sixth Special Report.

Pharmocologk  Treatment of
Associated Psychiatric illnesses

The high coincidence of alcohol dependency
and depression has led to considerable interest in
the potential value of pharmacologic treatments
for affective disorders in the treatment of al-
coholism. There was much enthusiasm for the
possibility that lithium salts might prove effective
in reducing alcohol abuse. Research on the effec-
tiveness of lithium, however, has not shown sig-
nificant reductions in alcohol consumption (Peck
et al. 1981; Powell et al. 1986). Fawcett et al. (19841
found higher rates of abstinence at 18 months in
patients taking lithium than in a placebo treat-
ment group, but both groups also had a high rate
of major depression. In subsequent work, Fawcett
et al. (1987) concluded that lithium may affect
drinking behavior in a way that is unrelated to
the treatment of affective symptoms. In this
study, serum lithium levels and abstinence rates
were not linearly associated, but subjects who
started lithium therapy as inpatients were sig-
nificantly less likely to relapse during the first
month than were patients who complied with
placebo treatment. There was no evidence that
depressed alcoholics responded better to treat-
ment than nondepressed alcoholics or that
lithium had any significant impact on the mood
or social adjustment of alcoholics.

In a multisite clinical trial, Dorus et al. (1989)
assessed the efficacy of lithium in the treatment
of 457 male alcoholics in a double-blind, placebo-
controlled study. Alcoholics with and without a
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history of major depression were studied. The in.-
vestigators found no significant differences be
tween those taking lithium and those taking a
placebo on the following outcome measures:
number of alcoholic patients abstinent, number
of days of drinking, number of alcohol-related
hospitalizations, change in rating of alcoholism
severity, and change in severity of depression.
The investigators concluded that lithium does not
affect the course of alcoholism in either depressed
or nondepressed alcoholics.

Patient-Treatment
Matching

Differences in responses to treatment based on
variations in patient and treatment characteristics
have led to an interest in patient-treatment match-
ing. According to this approach, selectively
matching client populations with facilities, treat-
ment methods, and treatment providers may sig-
nificantly enhance treatment effectiveness and
improve treatment outcomes (Pattison 1985). Re-
searchers have been exploring the advantages of
alternative treatment strategies for patients with
different psychological and behavioral charac-
teristics. For example, with the development of
procedures to measure the severity of alcohol de
pendence, it may be possible to assign patients to
different types and intensities of treatment based
on their severity of dependence and suitability
for different therapies. Other issues in this area in.-
elude  matching patients to treatments according
to such characteristics as age, sex, ethnic group,
and family history of alcoholism.

Indicators of various levels of intellectual
functioning and of social stability or social com-
petence appear to be associated with treatment
outcome in certain treatments (Gibbs 1981). At
present there is some evidence to suggest that
psychopathology is associated with a poorer
prognosis, indicating that these types of patients
may warrant more individualized or intensive at-
tention (McLellan et al. 1983). A classification sys-
tem based on measures of intellectual functioning
and social stability may help to explain factors
that appear to have been confused with outcome
in previous evaluation studies; instead of asking
which treatment works best for alcoholics, the

more appropriate question may be which treat-
ment works best for what type of alcoholic (Gibbs
1981).

Miller (1989) has proposed a self-matching ap
preach in which the individual is presented with
an array of options, given an accurate description
of each, and encouraged to choose the approach
that seems most appropriate. The self-chosen op
tion may be more likely to be followed, thereby
improving chances for recovery (Miller 1985).

Several studies have suggested that varying
degrees of emotional or life adjustment problems
require different intensities of treatment
(McLellan et al. 1983). Alcoholic patients with
both severe alcohol dependence and life adjust-
ment problems did better in a structured, full
hospital treatment program than in a partial
hospitalization program (McLellan et al. 1983).
Annis  and Ghan (1983) found that alcoholic
patients who are high in self-esteem seem to
do better with therapies that use confrontational
approaches than do those who are low in self-
esteem. Other work indicates that patients who
think in abstract, analytical ways do better with
therapists who also think in these ways
(Mclachlan  1974).

Although important findings about patient-
treatment matching from individual studies have
been reported, the utility of these findings to the
alcoholism treatment field is limited because of
questions about genera&ability. Because in-
dividual studies have rarely offered the oppor-
tunity to test standardized treatment regimens in
multiple samples, it is difficult to determine
whether conclusions about patient-treatment
matching can be generalized from the specific
population studied to other populations and to
different settings. Research in this area has also
been impeded by samples that are generally too
small to permit precise measurement of the effect
of patient-treatment matching on treatment out-
come. Multisite trials will be helpful in resolving
some of these issues.

The optimal relationship between the type of
treatment and the type of patient is just begin-
ning to be explored; furthermore, matching ef-
fects may make a substantial contribution to
explaining variations in treatment outcome
(Annis 1988). Patient-treatment matching is dis-
cussed more fully in the Sixth Special  Report.
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Outcome Evaluation
Methods

Interest in research into outcome evaluation
has been increasing in the alcoholism treatment
field. The dominant approach has been to inves-
tigate the effectiveness of a treatment by means of
traditional evaluation methods that examine the
main effects of different treatments compared to
no treatment or alternative treatments. A com-
prehensive review of evaluation methods (Sobell
et al. 1987) noted that because no single source of
outcome data is free from error, the trend is to
use multiple sources of outcome data and seek
corroboration. Although self-reports have been
the most frequently used data source, collateral
reports are being used with increasing frequency.
The quantity and frequency of drinking as a
measure for outcome has also been called into
question, because this measure may sometimes
fail to identify clinically important but atypical
episodes of heavy drinking &bell et al. 1987).
For more information on screening instruments
and procedures, see chapter VIII.

Advances in evaluation methodologies have
contributed to more accurate estimation of the
relative contributions of therapeutic interven-
tions, program settings, environmental variables,
and patient characteristics in the success or
failure of treatment. Evaluations have tradition-
ally been  difficult because of the complexity of the
treatment system. Alcoholics are often exposed
to several different treatment providers and
therapeutic approaches in the same setting and
then move through a series of settings during the
course of treatment and recovery. Such a mixture
may overwhelm the individual contributions of
specific treatment variables or components.

Furthermore, traditional evaluation methods
may be too global and imprecise because the
therapeutic change is multidimensional. The
growing consensus is that treatment outcome
should be evaluated according to multiple vari-
ables such as alcohol and other drug use, voca-
tional adjustment, psychological problem
severity, interpersonal relations, and criminal be-
havior (Emrick and Hansen 1983; McLellan  et al.
1983). Taylor et al. (1986) argued for analyzing
the many variables in relation to one another
rather than individually.

In a correlational and factor analysis study,
Babor et al. (1988)  reported that posttreatment
drinking is related to poor outcome in both social
and psychological functioning and that the level

of posttreatment alcohol consumption is directly
related to changes in medical status, life stresses,
and psychopathology. They cautioned that before
a unidimensional measure of outcome is aban-
doned, attention should be directed toward the
role of posttreatment alcohol consumption in
mediating posttreatment status across a wide
variety of dimensions. They suggested that
evaluation of treatment should focus on at least
three levels of analysis: (1) specific indicators of
drinking behavior, (2) various areas of life
functioning and health, and (3) a global dimen-
sion of outcome that encompasses drinking be-
havior and its consequences and the type of
treatment used.

Another important trend in specifying out-
come variables has been the growing attention to
“process” measures (Moos and Finney 1983).
Process analysis focuses attention on the causal
link between specific treatment components and
dimensions of outcome.

Self-report procedures, such as interviews,
tests, and questionnaires, have become the major
method of obtaining clinical data on alcohol
abuse and treatment. However, questions have
been raised about reliance on self-reports in out-
come studies In one investigation of the validity
of self-reports, Watson et al. (1984) found that
barely half the variance in the alcoholics’ self-
reports corresponded to assessments of the
alcoholics’ drinking behavior made by collaterals
(cohabiting friends or relatives). Comparison of
collateral reports ‘with alcoholics’ self-reports sug-
gested that alcoholics may have underestimated
their alcohol use about three times as often as
they overestimated it.

Fuller et al. 0988) analyzed the validity of self-
reports in a major longitudinal Veterans Ad-
ministration cooperative study evaluating the
efficacy of disulfiram treatment and concluded
that self-reports are not a valid method of measur-
ing treatment response. In this study, self-reports,
collateral interviews, and blood and urine alcohol
tests were used to evaluate drinking behavior.
The self-reported rate of relapse was nearly
59 percent; however, a combination of assess-
ment indicators revealed a rate of slightly more
than 72 percent. Patient-collateral pairs agreed
on number of drinking days less than half the
time, and collaterals were three times more likely
to report more drinking days than the patients
were. The investigators reported only (S-percent
probability that patients who claimed continuous
abstinence for a year were in fact continuously
abstinent.
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In a review of the usefulness of self-reports
and biological measures of alcohol consumption
in outcome studies, O’Farrell and Maisto 0987)
found that research showed adequate internal
consistency and test-retest reliability for a variety
of self-report measures of drinking behavior. For
reports of amount consumed, reliability was
good for outpatient alcoholics but was less ade-
quate for those seen in inpatient and residential
settings who may be more chronic, less socially
stable, and more severely alcoholic. However, al-
coholics whose positive BAC showed they had
been drinking before the interview were more
likely to give invalid self-reports than those with
a zero BAC. O’Farrell and Maisto noted that
alcoholics’ cognitive impairment and collaterals’
lack of contact with and detailed knowledge of
certain aspects of the alcoholics’ behavior may
contribute to discrepancies between self-reports
and collateral reports.

Tracking chemical markers of alcohol con-
sumption (see chapter VIII) has been proposed
as a method for assessing treatment outcome.
O’Farrell and Maisto (1987)  noted that markers
correlate only modestly with self-reported con-
sumption, are affected by other factors, and show
large individual differences in response to al-
cohol intake-in short, available biological
markers do not provide a “gold standard” for al-
cohol consumption. Nevertheless, O’Farrell and
Maisto suggested that markers can be used as a
verification measure and as a measure of nega-
tive alcohol-related health consequences. Irwin et
al. (1988) reported that serial changes in three test
values-gamma-glutamyltransferase, aspartate
aminotransferase, and alanine  aminotransferase--
can be used to distinguish abstinent alcoholics
from those who have returned to drinking, a
promising approach to resolving problems posed
by tracking biological markers.

Babor et al. (1987) noted that such studies raise
fundamental questions about the accuracy of data
derived from verbal report procedures, especially
when used to evaluate the effectiveness of treat-
ment outcome. Their review of methodological
studies in the alcohol literature shows that al-
though the information obtained from alcoholics
and heavy drinkers tends to be reliable and valid,
several factors can lead to variability in accuracy,
such as the sensitivity of the information sought,
the specificity of the validation criteria, and the
personal characteristics of the respondents. Babor
et al. (1987)  also reviewed several methodological
techniques likely to enhance the validity of self-
reports. Treatment outcome research cannot be

done without using self-reports; self-reports may
be supplemented best by other measures such
as collateral reports or biomedical verification
techniques.

Summary
During fiscal year 1987 more than 1.43 million

people were treated for alcoholism, the majority
in outpatient settings. Withdrawal, the first step
in treatment, is a highly variable phenomenon:
some alcoholics may need hospital care for this
phase of treatment, whereas others may do equal-
ly well in other settings. For some alcoholics
psychologically supportive care will be sufficient,
but medication therapy is typically employed for
those with moderate to severe withdrawal signs
and symptoms.

No pharmacologic intervention by itself ap-
pears to decrease alcohol consumption for a long
period, and medications are usually combined
with other forms of treatment in alcoholism
therapy. Disulfiram (Antabuse) continues to be
widely used, and recent research focuses on
ways to increase patient compliance with the
therapeutic regimen. Pharmacologic agents that
affect neurotransmitters related to alcohol de-
pendence may offer some promise for improved
pharmacotherapy. A type of aversion therapy-
covert sensitization-is currently being inves-
tigated and may prove to be a useful adjunct to
broader treatment approaches.

Counseling, psychotherapy, and AA are tradi-
tional therapeutic approaches that still form the
foundation in many treatment programs.
Methodological problems make rigorous, con-
trolled evaluations of these approaches difficult,
although they appear helpful for a substantial
number of alcoholics.

An emerging picture in alcoholism treatment
is that of a broad-based process, with interven-
tions directed both at changing drinking behavior
itself and at changing the alcoholic’s environment
and other life problems in ways that will help
maintain sobriety. Approaches such as social
skills training, family and marital therapy, and
relapse prevention techniques focus on both
drinking behavior and life circumstances.

Advances in outcome evaluation methods
have made it possible to evaluate treatment out-
comes more accurately. Questions have been
raised about the validity of alcoholics’ self-
reports about drinking behavior in outcome
studies, and there is a trend to obtain collateral
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and biochemical verification of such reports. Gut-
come evaluation is being directed with increasing
frequency toward evaluation on several dimen-
sions, not just drinking behavior. Because al-
coholics often receive a variety of treatments
during alcoholism therapy, it is difficult to com-
pare the absolute effectiveness of one treatment
with another. Continued research into patient-
treatment matching may eventually make it pos-
sible to assign patients to treatments that are
more likely to succeed in light of individual
patient characteristics.

Psychiatric disorders are prevalent among al-
coholics. Regardless of the treatment they receive,
alcoholic patients with psychiatric problems seem
to do less well than alcoholic patients without
these problems. However, depression and al-
coholism appear to be independent entities, and
in treating alcoholics it is important to distin-
guish transient depressive symptoms from major
depression. Neuropsychological impairment may
be evident in alcoholics who have stopped drink-
ing and needs to be taken into account in treat-
ment programs.
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generational trends, familial alcoholism, 58
homeless persons, 30
motor vehicle crashes, 164
prevention role, 214-215
risk-taking behavior, 251
women, 25-26

Aggressive behavior, 92-93,171,215
Al-Anon, 264
Alanine aminotransferase, 274
Alaska Natives

cirrhosis, 36
drinking patterns and problems, 22,36
suicides, 169

Alateen, 264
Alcohol abuse. See also Alcohol dependence; Fetal

alcohol syndrome; Prenatal alcohol exposure
age differences, 26-30
behavioral consequences, 85-87
chronicity, 24
definition, 2,3,7,182
degrees of severity, 2
diagnosis, 182,184
economic cost, 174-l 75,176
familial trends, 58
features, 52
gender differences, 22,24-26
historical background, 3
homeless persons, 30-31,32
nondependent, intervention, 4,243-255
prevalence, 2,23-24
protective factors, 5162
racial and ethnic differences, 22,33-36

Alcohol amnestic disorder. See Wernicke-Korsakoff
syndrome

Alcohol Clinical Index (ACI),  195
Alcohol consumption

advertising impact, 211-212
age differences, 26-30
classification of drinkers, 16
decrease, 13-14
fetal alcohol syndrome considerations, 141-143
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geographic differences, 14-15
happy hours, 219
minimum drinking age role, 217
patterns, l-3,15-20,36
per capita, 13-14,109
posttreatment, 273
racial and ethnic minorities, 33-36

Alcohol dehydrogenase (ADH),  51,111
Alcohol dependence. See also Alcohol abuse

alcohol withdrawal, 261-263
assessment techniques, 186-195
definition, 3,7,182
degrees of severity, 2
diagnosis, 182,183-X?&
as a disease, 6
factors, 2-3
genetic and environmental factors, 4-6
neuronal  systems involvement, 83-84
psychiatric comorbidity, 4,20-22,31,196,270-272
psychosocial factors, 5
second messenger systems role, 84-85
symptom progression, 2
symptoms, 6
treatment, 263-270
type 1 and type 2 defined, 46

Alcohol Dependence Data Schedule, 189
Alcohol Dependence Scale, 189
Alcohol dependence syndrome (ADS), 3,182,183
Alcohol-dependent persons. See also Alcohol

dependence
definition, 2
domestic violence involvement, 172-174
muscle injury susceptibility, 117
treatment goal, 4

Alcohol-related birth defects. See Fetal alcohol effects;
Fetal alcohol syndrome

Alcohol safety action programs, 230,247-248
Alcohol sales, outlets and hours, 217
Alcohol-stress relationship, 55-56
Alcohol Use Disorders Identification Test (AUDIT), 195
Alcohol Use Inventory, 189
Alcohol withdrawal syndrome

criteria, 184
definition, 182
hypertension role, 119
neuronal  systems, involvement, 83-84
pharmacologic agents used to treat, 4
protracted, 262
settings, 262
symptoms, 261,262
treatment context, 262-263

Alcoholic hepatitis, 107,112
Alcoholic liver disease. Set Alcoholic hepatitis;

Cirrhosis
Alcoholics. See Alcoholdependent persons
Alcoholics Anonymous (AA), 4,7,264-266
Alcoholism. See Alcohol dependence
Aldehyde dehydrogenase (ALDH),  5162,267
Alzheimer’s disease, 125,196
American Indians

cirrhosis, 36

drinking patterns and problems, 22,36,215
American Psychiatric Association classification of

substance abuse disorders, 181-182
Antabuse, 266-267
Anxiety during treatment for alcohol dependence, 271
Anxiolytic effects of alcohol

on gamma-aminobutyric acid (GABA)  receptor
complex, 73-74

and negative reinforcement of drinking behavior, 85,
86

APA.  Set American Psychiatric Association
Arginine vasopressin (AVP),  82
Arrhythmias, 118
Asian Americans

children of alcoholics, 56
cirrhosis mortality rates, 35
drinking patterns and problems, 22,35
flushing response, 35

Aspartate aminotransferase (AST),  194,274
Aspartate transaminase, 196
Assessment techniques

biochemical markers, 192-195
computerized, 191-192
interviews, Z&187,189
multimodal, 195
screening, 186-189
self-reporting, 142,143,189,191,194-195,273-274

Attention deficits, 142
AUDIT. See Alcohol Use Disorders Identification Test
Auditory brainstem potential (ABP),  49
Australian National Twin Register, 45
Automobile accidents. See Motor vehicle crashes
Aversion therapy, 268-269
AVP. See Arginine vasopressin

Bcells, 121
Bars, 214
Behavioral couples therapy, 264
Behavioral self-control training (B!XT), 246,247
Benzodiazepines, 266
Biaxial classification, 186
Bicyclists, accident involvement, 165
Biochemical markers

conventional laboratory markers, 192-194
enzyme, 50-51
identifying, 192
new techniques, 193-194
protective factors, 5152
serological, 51

Birth defects. See Fetal alcohol syndrome; Prenatal
alcohol exposure

Blacks
biochemical markers, 193-194
cirrhosis mortality rates, 33,35
drinking patterns and problems, 22,33-34,214-215
fetal alcohol syndrome, 141

Blitzes, police, 221-222
Blood alcohol concentration (BAC).  Sac also Breath

testing
accidents, assessing role in, 168
as biochemical marker, 193,194
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driver’s license considerations, 220
estimation error, 250
and fires, burns, and drownings, 167
and motor vehicle crashes, 163-165
self-monitoring calculators, 232
and suicide, 168-169
in trauma victims, 170

Blood clotting factors, 120
Boating accidents, 167-168
Brain chemistry and function. See also Acute effects of

alcohol; Central nervous system; Chronic effects of
alcohol; Electroencephalograms

abnormalities, 124
aggressive behavior, 92-93
auditory brainstem potential (ABP),  49
beta wave activity, 49
brain imaging, 89-91
children of alcoholic fathers, studies, 49
electrophysiological studies, 87-89
gammaaminobutyric  acid (GABA)

receptor/chloride channel complex, 72-74
neuropsychological studies, 91-92
normal activity, 71
P3 wave, 48-49
processes, 71-72
severe dysfunction, 91-92
structural brain damage, 124
techniques used to study, 71-72
trauma from accidents, 170-l 71

Brain imaging studies, 89-91
Brain stimulation reward (BSR),  85-86
Breast cancer, 122
Breath testing, 22CL221
Brief advice intervention, 245,246
B!XT. See Behavioral self-control training
BSR. Sac Brain stimulation reward
Burns, alcohol role, 167
Buspirone, 268

CAGE test, 141,187,199
Calcium carbimide, 267
Calcium channels, 74-75,81,84,266
CAMP. See Cyclic adenosine monophosphate
Cancer

alcohol effects, 121-122
head and neck, 120-121

Carbohydrate-deficient transferrin (CDT), 193-194
Cardiomyopathy, 118
Cardiovascular system

coronary heart disease, 119-120
heart, 117-119
vascular system, 119

Caucasians, drinking patterns and problems, 22,
214-215

CBF. See Cerebral blood flow
CDT. See Carbohydrate-deficient transferrin
Cell membrane studies, 79-80
Central nervous system (CNS).  See also Brain chemistry

and function; Neurologic disorders
acute alcohol effects, 69-80,150
and alcohol withdrawal syndrome, 262

chronic alcohol effects, 80-85
prenatal alcohol exposure effects, 150-152

Cerebral blood flow (CBF),  87,91,92,94
Cerebral cortical neurons, 150
cGMP. See Cyclic guanine monophosphate
Children

abuse of, 173-174
expectancies, alcohol-related, 53
impact of televised drinking scenes on, 212-213
prevention programs, 227-230

Children of alcoholic fathers
brain wave studies, 49
longitudinal studies, 56-57

Children of alcoholics. Sac also Children of alcoholic
fathers; Fetal alcohol syndrome

Asian and Hawaiian natives, 56
brain wave studies, 87
child abuse, 173-l 74
expectancies studies, 54-55
intervention programs, 254-2.55
longitudinal study, 56
methodological problems in studies, 57
resilient and nonresilient, 56
risk factors, 57

Chloride channel complex, role in neurotransmission,
72-74

Chronic effects of alcohol
dependence, 83-84
second messenger systems role, 84-85
tolerance, 80-83

Chronicity, drinking problems, 24
CIDI. See Composite International Diagnostic Interview
Cirrhosis

Alaska Natives, 36
American Indians, 36
Asian Americans, 35
blacks, 33
mortality rates, 22,36,107-109,211

Classification, alcohol use disorders
differences between APA and WHO, 182-183
DSM-III-R,  183-186
ICD-10,183-186
World Health Organization (WHO), 182-183,

198-199
Classification of alcohol use disorders

American Psychiatric Assn. (APA),  181-182,198199
Clonidine, 266
CNS. See Central nervous system
Cognitive-behavioral model, 228-229. See also

Expectancies; Social learning
Cognitive impairment, 91-92,124-X&  140,271
College newspapers, alcohol advertisements, 211-212
College students. See Adolescents and young adults
Community-based educational programs

BAC level monitoring calculators, 232
heart disease example, 231-232

Comorbidity. See Psychiatric comorbidity
Composite Diagnostic Instrument, 195
Composite International Diagnostic Interview (CIDI),

189
Compulsion to drink, 184



2 8 4 Index

Computerized continuous performance test @XT),  142
Computerized screening, 191-192
Computerized tomography (CT),  71,87,89,92
Constructive confrontation, 2-53
Consumption patterns. See Alcohol consumption
Coping strategies, 4,54,269
Coronary heart disease, 119-120
Corticotropin-releasing factor (CRF),  79
Cost, alcohol abuse, 174-175,176,211
Counseling, 263
Covert sensitization, 268-269
CIT. See Computerized continuous performance test
Crime

alcohol role, 171-172
prevention research, 215

Criteria Committee of the National Council on
Alcoholism, 181

CT. See Computerized tomography
Cue exposure with response prevention, 269-270
Cyclic adenosine monophosphate (CAMP),  75-78,81,

84
Cyclic guanine monophosphate (cGMl?),  74-75

DA. See Dopamine
DCU. See Drinker’s checkup
Deaths, alcohol-related. See Mortality, alcohol-related
Delirium tremens, 266
Dementia, alcohol-associated, 91-92,124,196
Depression, 270-272
Designated drivers, 224-225,226,251
Detoxification, 196,262
Dial-a-ride programs, 226
Disulfiram, 266-267
DNA studies, 52
Domestic violence

child abuse, 173-174
prevention research, 215
spousal abuse, 172-173

Dopamine (DA), 76,78,267-268
“Dram shop” laws, 223
Drinker’s checkup (DCIJ),  246
Drinking age. Sac Minimum drinking age
Drinking and driving. See aZse Driving while

intoxicated (DWI) laws
alcohol availability role, 219
emergency room admissions, 198
gender differences, 26
minimum drinking age role, 216-217
motor vehicle crashes, 164-165
motor vehicle design features for prevention,

225-226
public attitudes, 220
risk-taking behavior, 251

Drinking behavior attenuation agents, 267-268
Drinking patterns. Set also Alcohol consumption

age differences, 26-30
gender differences, 25-26
general, l-3
homeless persons, 30-31,32
racial and ethnic differences, 3136

Drinking problems. Sac Alcohol abuse
Driver education programs, school-based, 230-231
Driver’s licenses

revocation programs, 220,248
status, in motor vehicle crashes, 165

Driving while intoxicated (DWI)  laws
breath tests, random, 220-222
differentiation among offenders, 249-250
education alternative, 222-223
enforcement problems, 219-220
interaction of policy measures, 223
interventions for offenders, 247-249
objective, 219
“per se” laws, 222
rearrests, intervention role, 222-223,248

Drownings, alcohol role, 167-168
Drug therapy. See Pharmacologic treatment for alcohol

dependence
Dry drunks, 262
DSM-III-R,  183-186
DSM-IV, 183,186
DWI. See Drinking and driving; Driving while

intoxicated laws
Dysphoric reaction, 35,51

“E” codes, 168
EAPs. See Employee Assistance Programs
Early intervention. See Intervention
Economic cost, alcohol abuse, 174-175,176,211
Edinburgh Alcohol Dependence Schedule, 189
Educational programs

affective education approach, 228-229
community-based programs, 231-232
driver education, school-based, 230-231
and DWI offenders, 247-248
DWI rearrest effect, 222-223
general prevention, 227-230
legal sanction alternative, 222-223
mass media campaigns, 231
meta-analytic  techniques, 229-230
peer-led and teacher-led comparison, 229
scare tactics, 230-231
and social drinkers, 248
social influences approach, 227-229

EEGs.  See Electroencephalograms
Elderly, drinking patterns and problems, 29-30,37,196
Electroencephalograms (EEGs).  See also Brain chemistry

and function; Central nervous system
animal studies, 47
familial alcoholism studies, 49

Electron paramagnetic resonance (EPR),  79-80
Electrophysiological markers. See Brain chemistry and

function
Electrophysiological studies, 87-89
Emergency rooms

BAC testing, routine, 168,170,176,198
trauma, alcohol role identification, 170

Employee Assistance Programs (EAPs)
evaluating, 253-254
identification process, 253
types, 252-253
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Endocrine system
alcohol effects, 122-123
markers, 50
pseudo-Gushing’s syndrome, 122

Enlightenment model, 265
Environmental factors

geneenvironment interaction, 58-60
prevention role, 213-214
psychological and social mechanisms, 52-56

Environmental manipulations, animal studies, 47
Enzyme markers, 50-51
Epidemiological Catchment Area studies, 2
EPR. Stz Electron paramagnetic resonance
ERPs.  See Event-related potentials
Esophageal cancer, 121,122
Euphoric effects of alcohol, 52,85,86
Event-related potentials (ERPs),  87-89
Expectancies, 53-54
External company EAP programs, 252-253

Facial flushing, 35,51
FAE. See Fetal alcohol effects
Falls, alcohol role, 166-167,176
Familial alcoholism, trends, 43,58
Family environment, alcohol-related problems role, 214
Family therapy, 263-264
Family violence. See Domestic violence
FARS. See Fatal Accident Reporting System
FAS. See Fetal alcohol syndrome
Fatal Accident Reporting System (FARS),  164,171,216
Fatty liver, 107,111
Feeding behavior, infants, 147
Feighner criteria, diagnosis of alcohol abuse, 182
Fetal alcohol effects (FAE),  139,140-141
Fetal alcohol syndrome (FAS)

animal studies, 144-152
central nervous system defects, 150-152
critical periods, 14%144
diagnostic criteria, 139
followup studies, 140
high-risk factors, 140-141
immune system effects, 149-150
incidence, 139-140
long-term behavioral effects, 147-148
lower level alcohol consumption effects, 141-143
mechanisms underlying, 152-153
mental retardation, role in, 139
neonatal behavioral effects, 146-147
prevention role, 215
public awareness and policy, 154
sensorimotor effects, 145-146
stress responsiveness effects, 148-149
threshold doses, 144
treatment costs, 139

Fetal movement, 146
Fires and burns, alcohol role, 167,176
Flushing response, 35,51
Fractures, alcohol role, 170
Fraternal twins, 44
Fraternity house social events, 225

G protein, 76-77,85
GABA. Sac Gamma-aminobutyric acid
GABA-benzodiazepine systems, 72,268
Gallstones, 115
Gamma-aminobutyric acid (GABA)  receptor

chronic alcohol effects, 82-83
role in neurotransmission, 72-74

Gamma-glutamyl transferase (GGT),  193,195,274
Gamma-glutamyl transpeptidase (GGTP), 115,245,246
Gasoline stations, alcohol sales, 218
Gender differences. See a2so Men; Women

cirrhosis mortality, 108-109
in drinking patterns, 19-20,33
in drinking problems, 23-24,25-26
homeless persons, 31
prevention role, 214-215
twin studies, 45

Gene-environment interaction
factors, classes, 59
temperament link, 58-59
treatment and prevention implications, 59

General Accounting Office (GAO), minimum drinking
age study, 216,217

Generational trends, familial alcoholism, 58
Genetic factors

adoption studies, 46
animal studies, 46-48
children of alcoholics, studies, 56-58
fetal alcohol syndrome, 141
geneenvironment interaction, 58-60
generational trends, 58
genetically transmitted vulnerability for alcoholism,

4-6
liver disorders, 109-110
markers of susceptibility, 48-52
twin studies, 44-45

Geographic differences, alcohol consumption, 14-15,
16,17-19

GGT. See Gamma-glutamyl transferase
GGTP. See Gamma-glutamyl transpeptidase
Glutamate system, 74-75
Glycine neurotransmission, 72
Group therapy

and DWI offenders, 248
treatment of alcohol dependence, 263

Happy hours, alcohol consumption effect, 219
Hawaiian natives, 56
HCH. Sac Health Care for the Homeless
HDL. See Highdensity lipoprotein
Health care costs, 174-175
Health Care for the Homeless (HCH),  31
Health Promotion and Disease Prevention

Questionnaire, 154
Hearing loss, 145-l 46
Heart, alcohol effects, 117-119
Heart rates

and alcohol expectancy, X-55
alcohol-stress relationship, 55

Hepatic encephalopathy, 124
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Hepatitis B,113-114,122
High blood pressure, 6,119
High-density lipoprotein (HDL),  120
High-risk drivers, 249-250
High school seniors. Set Adolescents and young adults
Hippocampus development, prenatal alcohol exposure,

151
Hispanics, drinking patterns and problems, 22,34-35,

215
History of Trauma, 194
HIV, 121
Holiday heart syndrome, 118
Homeless persons, drinking patterns and problems,

30-31,32,37
Hospitals, diagnosis of alcohol use disorders, 197-198
HPA. See Hypothalamic-pituitary-adrenocortical axis
Human immunodeficiency virus (HIV), 121
5-hydroxyindoleacetic  acid (IHIAAA),  92-93,151
Hypertension, 6,119
Hypothalamic-pituitary-adrenocortical (HPA)  axis,

148-149
Hypoxia, fetal, 153

ICD-9,182,183,185,X36
ICD-10,183-X%
Ignition interlock device, 225
Immune system, alcohol effects, 120-121,122,149-150
Impaired control, 6
In vitro techniques for brain study, 71-72
In viw techniques for brain study, 71-72
Individual psychotherapy, 263
Infant behavior, alcohol effects, 146-147
Infections. See Immune system
Initiation stage studies, 52
Interactional couples therapy, 264
Internal company EAP programs, 252-253
Intervention

children of alcoholics, 254-255
DWI offenders, 247-w)
EmpIoyee Assistance Programs, 252-254
high-risk drivers, 249-250
identification problems, 243-245,253
minimal, approaches, 245-247
moderation training, 247
risky behavior factors, 252
stepped care approach, 247
targets, 245
youthful drivers, 250-251

Interviews, 186-187,189
Intestines, alcohol effects, 115
Inventory of Drinking Situations, 189
Ion channels, 70

calcium, 74-7.5,81,84,266
chloride, 72-74

Ischemic stroke, 120

Kidney defects, 145
Korsakoff’s psychosis, 91,125. See  nlsu

WernickeKorsakoff  syndrome

Labeling of individuals as children of alcoholics, 254
Labels, warning, 154
Labor unions, EAP programs, 252-253
Laboratory tests. See Biochemical markers
Last Month of Drinking Questionnaire, 189
Last Six Months of Drinking Questionnaire, 189
Laws. See Legislation
Learned responses to alcohol. Sez Reinforcing

properties of alcohol
Learning and memory deficits, 124
Legal drinking age. See Minimum drinking age
Legislation

“dram shop” laws, 223
driving while intoxicated (DWI)  laws, 219-223,

247-250
local ordinances, 217-219
minimum drinking age laws, 216-217
outlets and hours for alcohol sales, 217

License actions. See  Driver’s licenses
Licensed drinking establishments, alcohol-related

problems role, 214
Lifetime Drinking History Questionnaire, 189
Lipid bilayer, 79-80
Lithium, 271-272
Liver disorders. See also Cirrhosis

alcohol dehydrogenase (ADH)  role, 111
cancer, 122
early features, 113
genetic factors, 109-110
and GGT activity, 193
hepatitis B, 113-114
lesions, 110-111
mortality from, 22,36,107-109
perivenular fibrosis (F/F’), 111-112
transplants, 114
types, 107

Local ordinances, alcohol availability, 217-219
Long-term potentiation, 74

MacAndrew Alcoholism Scale, 187
MADD, 226,232
Magnetic resonance imaging (MRI),  87,90-91
Male-limited alcoholism. See Type 2 alcoholism
Mallory bodies, 112
Malnutrition, 116
Marital therapy, 263-264
Markers, genetic susceptibility to alcoholism

criteria for identification, 48
electrophysiological, 4849
endocrinological, 50
enzyme, 50-51
protective factors, 51-52
serological, 51
subjective responses to alcohol, 49-50

Mass media campaigns, 231
MAST. See Michigan Alcoholism Screening Test
MCV. See Mean corpuscular volume
Mean corpuscular volume (MCV),  193,194
Medical students, 196-197
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Membrane hypothesis, 70
Memory and learning deficits,.124
Men

alcohol-related disease risk, 33
drinking patterns and problems, 19-20,22,23,

214215
sexual arousal expectations, 54
spousal  abuse, 172-l 73
testosterone production, 123

Meta-analytic techniques, educational programs,
229-230

Metabolic disorders, 116-117
Mexican-Americans, drinking patterns and problems,

214
Michigan Alcoholism Screening Test (MAST), 141,187,

188,199
Milieu-limited alcoholism. See Type 1 alcoholism
Minimal intervention approaches

characteristics, 245
effectiveness, 245-247

Minimum drinking age
and alcohol advertising, 212
motor vehicle accident role, 216-217
prevention approach, 251

Minnesota, estimated cost of alcohol abuse, 174
Minnesota Model of treatment, 262-263
Minorities. Sac Racial and ethnic differences
Moderation training, 247,248
Monoamine oxidase (MAO), 50-51
Monoamine+  neurotransmitter systems, 78
Moods, 49-50
Morbidity, alcohol-related, 20-22,30,36
Mortality, alcohol-related

cirrhosis, 22,36,107-109,211
drownings, 167-168
falls, 166167
fires and burns, 167
motor vehicle crashes, 16>165
statistics, 22
suicides, X8-170
trauma, 170-171

Mothers Against Drunk Driving (MADD), 226,232
Motor problems, 146
Motor vehicle crashes

adolescents and young adults, 211,250-251
alcohol availability, 21&219
alcohol role, 163-165,170,171,175,198
intervention role, 248
minimum drinking age role, 216-217
price of alcoholic beverages role, 210-211
road design features for prevention, 225-226
vehicle design features for prevention, 225-226

Motorcyclists, fatalities, 171
MRI. Set Magnetic resonance imaging
Multiaxlal classification, 186
Muscle injury susceptibility, 117

N-methyl-D-aspartate (NMDA),  74-75
Naloxone, 267
Naltrexone, 267

NASS. Sac National Accident Sampling System
National Accident Sampling System (NASS),  165
National Council on Alcoholism (NCA), 181
National Drug and Alcoholism Treatment Unit Survey

(NDATUS),  22,261
National Health Interview  Survey, 1985,33,154
National Highway Traffic Safety Administration

(NI-ITSA),  163,216
National Hospital Discharge Survey WI-IDS), 20
National Household Survey, 28
Natural killer cells, 121
NCA. See National Council on Alcoholism
NDATUS. Set National Drug and Alcoholism

Treatment Unit Survey
Neonatal behavior, alcohol effects, 146-147
Neurohormone systems, 78-79,82
Neurologic disorders, 124-K&127
Neuronal  systems, 83-84
Neuropeptide systems, 77,78-79,82
Neuropsychological studies, 91-92
Neurotransmitter systems, 72-74,86-87
New York, estimated cost of alcohol abuse, 174-175
NHDS. See National Hospital Discharge Survey
Nitrefazole,  267
NMDA. See N-methyl-D-aspartate
Nondependent problem drinking. See Alcohol abuse
Nompinephrine,  76,78,81

Observational studies, couples, 173
Older adults. See Elderly
Osteoporosis, 117

Pancreas, alcohol effects, 115-l 16
Panic attacks, 262,271
Parental alcoholism. See Children of alcoholic fathers;

Children of alcoholics
Patient-treatment matching, 4,272
Peak plasma ethanol concentration (PPEC),  152
Pedestrians, accident involvement, 164,171
Peers, role in adolescent alcohol use problems, 215
“Per se” laws, 222
Perivenular fibrosis (PVF),  111-112
Personality as determining factor, alcohol and drug

abuse, 53
PET. Set Positron-emission tomography (PET)
Pharmacologic treatment for alcohol dependence

drinking behavior attenuation agents, 267-268
psychiatric comorbidity considerations, 271-272
sobriety fostering agents, 266-267
withdrawal management agents, 4,267

Physical dependence, definition, 81
Placental dysfunction, 153
PMNs. See Polymorphonuclear leukocytes
Police, DWI enforcement, 219-222
Polymorphonuclear leukocytes (PMNs),  120
Positron-emission tomography (PET’), 71,87,91
PPEC. Sac Peak plasma ethanol concentration
Predisposition to alcohol use problems. SAG

Vulnerability to alcohol use problems
Pregnancy. See Fetal alcohol syndrome; Prenatal

alcohol exposure



Prenatal alcohol exposure
abstaining during second trimester, 143
animal studies, 144-152
behavioral effects, 146-148
central nervous system (CNS)  effects, 150-152
critical periods and threshold doses, 143
mechanisms underlying damage, 152-153
stress responsiveness, 148-149

Prevention measures
applied research, 4,2X--232
basic research, 4,210-216
clinical implications, 34,7
educational programs, 226-232
environmental measures, 216-226

Price of alcoholic beverages, 210-211
Primary care physicians

medical students and residents, 196-197
misdiagnosis of alcohol problems, factors, 195-197

Professional associations, EAP programs, 252-253
Prostaglandins, 153
Prostate cancer, 122
Protective factors, genetically derived, 51-52
Pseudo-Gushing’s  syndrome, 122
Psychiatric comorbidity

aspect of heterogeneity among alcohol-dependent
persons, 4

homeless persons, 31
pharmacologic treatment, 271-272
screening and diagnosis considerations, 196
short-stay hospital involvement, 20-22
treatment of alcohol dependence considerations,

270-272
Psychological and social processes

expectancies, 53-55
personality factors, 53
stages, 52
stress reduction, 55-56

Psychological dependence, definition, 81
Psychotherapy and counseling

group therapy, 263
individual psychotherapy, 263
social skills training, 264

P3 waves, 48-49,88-89
Public awareness programs, 231-232
Puerto Ricans, biochemical markers, 193-194
Purkinje cells, 81
PVF. See Perivenular fibrosis

Questionnaires
CAGE, 141,187,194,199
examples, 186-191,190,194,195
MAST, 141,187,188,194,199
response bias, 189,191,192
T-ACE, 141

Racial and ethnic differences
alcohol treatment admissions, 22
cirrhosis, 109
drinking patterns and problems, 3136,37
fetal alcohol syndrome, 141
prevention role, 214-215

Rand Dependence Scale, 189
RCD. See Research Diagnostic Criteria
Recent Life Changes Questionnaire, 189
Receptors, 70
Rehabilitation programs. See Intervention
Reinforcing properties of alcohol

alcohol abuse role, 52-53
brain stimulation, conditioning, and activity 85-86
neurotransmitter systems studies, 86-87

Relapse prevention in treatment for alcohol
dependence, 269-270

Relief drinking, 184
Remission, drinking problems, 6,24
Remove Intoxicated Drivers, 232
Reproductive system, alcohol effects, 123
Research Diagnostic Criteria (RDC),  182
Resilient children, 56,254
Reward. See Reinforcing properties of alcohol
Ride service programs, 226
Risk behavior syndrome, 249,251,252
Risk factors

fetal alcohol syndrome, 140-141
individual characteristics, 214-215,216

Road design features, prevention role, 225-226
Ro15-4513,72-73,268

SADD, 232
Safe ride programs, 226
SAPS. See Substance Abuse Proclivity Scale
SCAN. See Schedules for Clinical Assessment in

Neumpsychiatry
Schedules for Clinical Assessment in Neuropsychiatry

(SCAN), 189
School-based alcohol education programs, 227-230
Screening

emergency moms, 198
hospitals, 197-198
methods, 186-189
minimal intervention role, 244,245-246
primary care physicians, 195-197
principles, 186
sensitivity and specificity, 186

Seat belt use, 165,249
Seattle Pregnancy and Health Study, 142-143
Second messenger systems

cyclic adenosine monophosphate (CAMP)  role, 75-78
cyclic guanine monophosphate KMP) role, 74-75
tolerance and dependence role, 84-85

Self-Administered Alcoholism Screening Test (SAASD,
187,189,194

Self-help manuals, 246,247
Self-matching approach to treatment, 272
Self-referrals, 253
Self-reporting, 142,143,189,191,194-195,273-274.  S8e

also Questionnaires
Senile dementia, 196
Sensorimotor effects, children with FAS, 145-146
Serological markers, 51
Semtonin, 47,78,81,86,93,151,268
Server training, 223-225,232
Severity of Alcohol Dependence Questionnaire, 189
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Sex differences. See Gender differences
Short-Alcohol Dependence, 189
Short MAST (SMAST),  187,199
Skii flushing response, 35,51
SMAST. Set Short MAST
Sobriety fostering agents, 4,266-267
Social drinking, 1,52,140
Social learning, 227-228. See also Cognitive-behavioral

models; Expectancies
Social Network Intervention, 198
Social skills training, 264
Somatostatin, 77
Spontaneous remission, 6,24
Spousal abuse, 172-l 73
Stanford Heart Disease Prevention Program, 232
Stepped care approach to intervention, 247
Stereotypes, 196
Stomach, alcohol effects, 115
Stress-induced analgesia, 149
Stress reduction, 55-56
Stress responsiveness, 148-149
Strokes, 119,120
Structured Clinical Interview for DSM-III-R, 189
Students Against Driving Drunk (SADD),  232
Subjective responses to alcohol, 49-50
Substance abuse disorders, 181-186
Substance Abuse Proclivity Scale (SAPS), 187
Sucking response, 147
Suicide

Alaska Natives, 169-170
alcohol role, 168-170,176
youthful, 169

Susceptibility to alcohol use problems. See
Vulnerability to alcohol use problems

T-ACE questionnaire, 141
T-cells, 121,150
T-helper cells, 121
Taxes, alcohol consumption relationship, 210-211
“Teams-Games-Tournaments” educational approach,

228
Techniques of Effective Alcohol Management (TEAM)

project, 224
Television, content analyses, 212-213
Temperature regulation, 147
Temposil, 267
Ten Question Drinking History, 189
Testosterone-aggression link, 93
Timeline CTL) assessment technique, 191
Tolerance for alcohol

criteria, 184
definition, 182
mechanisms, 81-83
second messenger systems role, 84-85

Traffic accidents. See Motor vehicle crashes
Training for Intervention Procedures by Servers of

Alcohol CTIPS),  224
Transportation alternatives, 224-2X,226,230,251

Trauma
alcohol role, 170-171
prevention research, 215

Treatment of alcohol dependence
“active” factor, 265
alcohol withdrawal, management, 261-263
Alcoholics Anonymous, 264-266
aversion therapy, 268-269
description, 4
“enlightenment model,” 265
outcome evaluation, 273-274
patient-treatment matching 4,272
pharmacologic, 266-268
psychotherapy and counseling 263-264
relapse prevention, 269-270

Tuberculosis, 120
Twin studies, 44-45
Type 1 alcoholism

characteristics, chart, 60
definition, 46
monoamine oxidase as marker, 50-51
personality traits, 59-60

Type 2 alcoholism
brain wave studies, 49
characteristics, chart, 60
definition, 46
monoamine oxidase as marker, 50-51
personality traits, 59-60

Umbilical cord length, 146-147

Vascular system, alcohol effects, 119
Vasopressin. See Arginine vasopressin
Vision disorders, 145
Vitamin deficiencies, 116-117
Vulnerability to alcohol use problems

children of alcoholics, 5,43,254-255
genetic and environmental factors, 5-6,7,43-60
prevention role, 214-215
psychosocial factors, 7

Warning labels, 154
WernickeKomakoff  syndrome, 91-92125,127
Wernicke’s disease, 90,125. See also

Wemicke-Korsakoff  syndrome
Withdrawal. Sac Alcohol withdrawal syndrome
Women

and alcohol advertising, 212
alcohol use questionnaire, 189
brain disorders, 125
drinking patterns and problems, 19-20,23,25-26,37
gender-role considerations, 25-26
high risk, screening techniques, 141
pregnancy considerations, 139-155
reproductive disorders, 123
spousal abuse, 172-l 73

Workplace
alcohol-related problems role, 214
Employee Assistance Programs, 253-254

World Health Organization (WHO), 182-183,229
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